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Chapter I -About This Manual

Chapter 1 About This Manual

1.1 Purpose

The purpose of this manual is to describe the test plan for the SAMeDL Development
Environment (SDE), consisting of the SAMeDL compiler and the Module Manager. These tools
and their features are documented in the SAMeDL Development Environment User Manual
[User]. The language supported by the SAMeDL compiler is defined in the SAMeDL Language
Reference Manual [LRM].

1.2 Organization

The organization of this document is as follows:

Chapter 2, Module Manager Testing Procedure, outlines the testing process to be
followed in testing the SDE Module Manager commands.

"* Chapter 3, Compiler Testing Procedure, contains an overview of the testing strategy
to be followed for the SAMeDL compiler.

"* Chapter 4, Compiler Testing Cross Reference, provides a cross reference of compiler
testing objectives (in terms of [LRM] section numbers) against test source files.

"* Appendix A, Compiler Test Suite Source Code, contains a listing of the source code
files that comprise the SAMeDL compiler test suite.

1.3 References

I. [DSC] Database System Concepts, Korth and Silberschatz, McGraw-Hill; 1986.

I. [LRMJ SAMeDL Language Reference Manual, Intermetrics, Inc., IR-VA-01 1, 28
February 1992.

2. [SAMEGuide] Guidelines for the Use of the SAME, Marc Graham: Software
Engineering Institute/Carnegie Mellon University, Technical Report CMU/SEI-89-
TR-16, May 1989.

3. [User] SAMeDL Development Environment User Manual, Intermetrics, Inc., IR-VA-
012,28 February 1992.

Intermetrics, Inc. 1



Chapter 2 - Module Manager Testing Procedure

Chapter 2 Module Manager Testing Procedure

Testing of the Module Manager consists of invoking each of the commands (sde.cleanlib,
sde.creatar, sde.creatlib, sde.ls, sde.mkscript, sde.purge, sde.rm, and sde.rmlib) in a variety
of scenarios and manually inspecting the results. The process to be followed for each of the tools
is outlined below.

2.1 sde.cleanlib

1. No arguments (i.e., default current directory).

2. Pathname argument.

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. No samedl.lib directory in current directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib. (error).

2.2 sde.creatlib

1. No arguments (i.e., default current directory).

2. Pathname argument.

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. samedl.lib directory already exists in current directory (error).

6. samedl.lib directory already exists in specified directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory where to create samedl.lib (error).

Intermetrics, Inc. 3
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2.3 sde.creatar

1. No arguments (error).

2. Only archive name specified (error).

3. Only archive name and non-abstract module name specified (error).

4. Only archive name and abstract module name specified.

5. Add library Pathname argument.

6. Incorrect options (error).

7. samedl.lib directory does not exists in current directory (error).

8. samedl.lib directory does not exist in specified directory (error).

9. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

10. No permission to write in samedl.lib (error).

11. No permission to write in the directory where to create archive (error).

12. Non-existent modules (error).

13. Specify multiple modules.

2.4 sde.is

1. No arguments (i.e., default current directory).

2. Pathname argument.

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. No samedl.lib directory in current directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedilock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib (error).

10. Different permutations of the -i -a and -v options (error).

11. Multiple module names as arguments (error).

12. Non-existent modules names as arguments (error).

4 Intermetrics, Inc.



Chapter 2 - Module Manager Testing Procedure

2.5 sde.mkscript

1. No pathname argument (current directory default) + def/abs module name.

2. Pathname argument + def/abs module name

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. No samedl.lib directory in current directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked libra-, (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permisvion to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib (error).

10. Multiple module names as arguments.

11. Non-existent modules as arguments (error).

2.6 sde.purge

1. No arguments (i.e., default current directory).

2. Pathname argument.

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. No samedl.lib directory in current directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib. (error).

2.7 sde.rm

1. No pathname argument (current directory default) + module name.

2. Pathname argument + module name

3. Incorrect number of arguments (error).

4. Incorrect options (error).

Intermetrics, Inc.



SAMeDL Development Environment - Test Plan

5. No samedl.lib directory in current directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib (error).

10. Multiple module names as arguments.

11. Non-existent modules names as arguments (error).

12. Interactive option (test yes/no).

2.8 sde.rmlib

1. No arguments (i.e., default current directory).

2. Pathname argument.

3. Incorrect number of arguments (error).

4. Incorrect options (error).

5. No samedl.lib directory in cu'rent directory and call with no arguments (error).

6. No samedl.lib directory in specified pathname directory (error).

7. On a locked library (simulate by creating ./samedl.lib/samedl.lock) (error).

8. No permission to write in samedl.lib (error).

9. No permission to write in the directory containing samedl.lib (error).

6 Intermetrics, Inc.



Chapter 3 - Compiler Tesfing Procedure

Chapter 3 Compiler Testing Procedure
3.1 Introduction

Testing of the SAMeDL compiler will be divided into three basic areas:

1. Verify that the SAMeDL compiler recognizes and processes proper (as defined by
[LRM]) syntactical and semantic constructs submitted to it. These tests will be
known as the Correct Tests.

2. Verify that the output of the SAMeDL compiler will functionally (as defined by
[LRM]) interface with the target database. These tests will be known as the End-to-
End Tests.

3. Verify that the SAMeDL compiler identifies improper syntactical and semantic
constructs (as defined by [LRMJ) as errors. These tests will be known as the Error
Tests.

3.2 Correct Tests

Proper syntactic and semantic constructs will be tested using a series of SAMeDL program
modules that will contain all facets of the SAMeDL language described in the LRM. Diagram 1
in Chapter 4 shows the tests and which sections of the LRM are validated after the successful
compilation of the program module.

A correct test is said to pass if:

I. The SAMeDL source code for the test can be compiled by the SAMeDL compiler
without issuing an error message; and

2. Where interface files should be generated (see [LRM], [User]), the interface files are
correctly generated and can be compiled without error by the appropriate compiler
and/or pre-compiler (i.e., Ada compiler, C/ESQL pre-compiler, C compiler, Ada/SQL
Module Language compiler) without error. (Note: depending on the specific
configuration of the SAMeDL compiler, not all of the above compilers/pre-compilers
may be applicable, or if applicable, may be invoked transparently by the SAMeDL
compiler. Refer to [User] to determine the situation that applies.)

Otherwise, a correct test is said to fail.

3.3 End-to-End Tests

• To test the output of the SAMeDL compiler for proper interfaces with the database management
system, a program will be written in Ada that will exercise all the Procedure and Cursor
definitions from the SAMeDL modules. Upon its execution, the program will initialize the
database and start the testing procedures. The initialization and verification routines will set up
the database for the following tests while testing the data structure interface and basic SAMeDL
procedure and cursor functionality. The more complex cursor and procedure tests will then be
run individually. The Ada application program will be written such that it is self-checking.

At the conclusion of each step of initialization and testing the driver will:

Intermetrics, Inc. 7
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1. Report on the outcome of the test.

2. If the test has completed successfully, the driver will progress to the next test (if any).

3. If the test has failed, the driver will exit the testing procedure.

This area is covered by the single t2 test (see Section A.2) which consists of 6 subtests for
procedures and 11 subtests for cursors. Diagram 2 in Chapter 4 shows the cross-reference matrix
of the tests to the portions of the LRM they are testing. LRM Chapters 2 through 4 are not
explicitly tested for functionality, but are implicitly tested during the other tests.

The database design used in the test suite was based on an example database from [DSC]. It
consists of 5 tables defining basic banking information:

CUSTOMER TABLE
Name IStreet City State [ZiP SSN

SAVINGS ACCOUNT TABLE
Account # Balance Customer SSN Branch ID

CHECIUNGACCOUNT TABLE
Account # IBalance Customer SSN Branch ID

LOAN _ACCOUNT TABLE
Account # I Balance IPayment Customer SSN Branch Id

BRANCH-jNFO TABLE
Branch IDL Assets

This design was chosen because the full range of SAMeDL data types and data manipulation
statements could be implemented in a meaningful fashion.

3.4 Error Tests

An error test consists of a single SAMeDL source code file containing one or more errors; errors
will be marked in the source code through SAMeDL comments. These tests will be said to pass
if the marked errors are appropriately detected when compiled by the SAMeDL compiler.

Diagram 3 in Chapter 4 shows the cross-reference matrix of the error tests to the portions of the
LRM they are testing.

8 Intermetrics, Inc.
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Chapter 4 Compiler Testing Cross Reference

This chapter provides a cross reference of compiler testing objectives (in terms of [LRMJ section
numbers) against test source files.

Intermetrics, Inc. 9
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4.1 Diagram 1: Correct Testing Cross Reference

----------------- tI/cXXXX Tests--
LRM Section Fr-ii iii iv v .vAvii viii ix tl t2 03W4tS t6tV7t8

.1x -- - - - - -x-------

.2 _ x

.3 x x _

.4 X x - - - - - -- - X _

.S x _

.6 x x x x x x x x x - x - - x
.1 x x x x- - _ x x x x
.2 x x x - x - x x _ -

.3 x x_ x x __

.4 x x x x x x x x x X- x x x x x x x-

.5 x x x x x x x __x

.6 x x x x __ x x x

.7 x
.1 X X - x XX- - - x x

.1.1

.13x x x x

AA. x - - - - - - - - - - x _x _

.A.5 _ x x x x x __

.16x x - x -- -x x-
.A.7

.18 x x x
I2- x _ - x - x _ x x _ -

.21 - x _ -- - - - x x _ - -

.2.2

.3 x ~ ~ - x x x x xx

I2 x x x x x
.3 __ x _ x x x x _

.4 - - - - x x x x _ x- x x _

.5 xx X x __ x x x

.6 - _ x x Ix - x x __ x x _

.7 - - x x x I x x x x _

.8 1 x - x

.9 __ x x x x x x __

.10 x x x x x x x x x x x x x x x x X

.11 I x x _ I _

.11.1 - - x.~ X x

.11.2 x __

.11.3 x x

.11.4 - x - - - - x--

.11.5 x x __

.11.6 __ x - - - - x - - - -

.11.7 - x - - - - x
.12 - - _ x -7 x x--- - x _ - - - -

1.13 - I x I I I x I x I x Ix

10 Intermesrics, Inc.



Chapter 4 - Compiler Testing Cross Reference

tl/cXXXX Tests
LRM Section t9 tl0 tll t12 t13 t14t15t16

2.1
.2
-.3
.4 x x
.5

.1 1 x x x"

.2 x x x x

.3 x

.4 x x x x x x x x

.5 x x

.6

.7

.1.2-

.1-

.1.1

.1.6

.1.3.I.4 - - - - - x x - - - - - - - - - -

.1.5 
x

•.1. 7

.1.8

.2 x x

.2.1

.2.2

.3 x
.1 x x x
.2 x x
.3 .- x x
.4 x x -I

.5 x x

.6 x

.7 x x

.8 x

.9 x x x

.10 x x x x x x x x

.11

.11.1

.11.2

.11.3

.11.4

.11.5

.11.6
* .. 11.7

.12
9.13

Intermetrics, Inc. 1
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t3/XXXX Tests
LRMSection tl 2 t3 W4 t5 t6 t7 t8 t9 t10 Itl tl2 t13 t14

2.1

.2
2.3

.4

.5

.6
3.1

.2
3.3 - x
.4 x x x x x x x x x x x x x x
.5 x x
.6 x x x
.7

4.1 - - - - - - - - -

•.1.1

.1.2
$.1.3 - - - -- - - -

.1.4

.1.5 x x x x x x

.1.6

.1.7 x

.1.8 x x x

.2.1 x

.2.2
1.3 x
5.1

.2 x x x x x

.3 x x x x x

.4 x x x x x x x x x x

.5 x x x x x x x x x x

.6 x x x

.7 x x x x.

.8 x x x

.9 x x x x x

.10 x x x x x x x x x x x x x x

.11 x x

.11.1
.11.2
.11.3
.11.4
.11.5
.11.6
.11.7
.12 x x x
.13 x x x x x

12 intermetrics, Inc.



Ch~apter 4 - Compiler Testing Cross Reference

4.2 Diagram 2: End-to-End Testing Cross Reference

Pro~cedure Tet (PTXYX±X Cursor TetsCTxYM)
LRM Section 1 2 3 4 5 6 1T 2 T3T 5 6 7 8 19 10 1

.1 x x x X x X X x x I X X X X X X X X

.2 x x x x x x

.3 x x x x x x

.4 x x x x x x x x x x x x x x x x x

.5 x 1 x x I x x x x x x x x x x x X

.6 x - x x - x x x x 1- x x x x_ x x x

.7 x- x x x x x x x x x x x x x x x x
1.8 x x x x x x x x x x x x x x x x x
.9 x x x x x x x x x x x x x x x x X
.10 1 x x x x x x x x x x x x x x x x

.11 x x x __ I x x x x x x x X- x x

.11.1 x I x x x x I x x x

.11.2 x x

.11.3 x

.11.4 - - - - - - - - - - - -- - x _

.11. x
.11.6 x
.11.7 x
.12x
.13 x x x x x x x x x x x x x

Intermetrics, Inc. 13
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4.3 Diagram 3: Error Testing Cross Reference

tl/XXXX Tests t3/XXXX Tests
LRM Section etl et2 et3 et4 et5 et6 et7 et8 et9 etlO etll etl2 el e2 e3 - -.

.1

.2

.3

.4 x
-.5

.6
3.1

.2

.3

.4
.5 x x x x x
.6
.7

4.1 x
4.1.1

.1.2

.1.3

.1.4 x

.1.5 x X x x x x

.1.6

.1.7

.1.8 x

.2

.2.1

.2.2

.3

.1

.2 x x

.3 x x x

.4 x x x x x
S x
.6
.7 x x x x x x x
.8
.9 x x x x x x
.10
.11
.11.1
.11.2
.11.3
.11.4 x
.11.5
.11.6
.11.7
.12
.13
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Appendix A Compiler Test Suite Source Code

A.1 Correct Tests

A.1.1 tlci.sme

-- *** Test I

DEFINITION MODULE D_cI IS

-- the previous line tests the newline separator

-- testing full character set

DOMAIN Character_set_domain IS
NEW SQL_CHAR(length => 43);

CONSTANT letters : character_set_domain
IS 'the quick brown fox jumps over the lazy dog';

CONSTANT allcaps : character_set_domain
IS 'THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG';

CONSTANT digitas_char : characterset_domain
IS '1234567890';

CONSTANT digitss_as_num
IS 1234567890;

DOMAIN integer-domain IS
NEW SQLINT;

DOMAIN real_domain IS
NEW SQLREAL;

CONSTANT integer_literal integerdomain
IS (12-4+5*2);

CONSTANT realliteral : real_domain
IS 12.456/.09 + 1.

CONSTANT floatliteral
IS (0.lEl) + (10.E-1) + ( .lE+l)

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

DOMAIN Loan-typedomain IS
NEW SQLENUMERATION_ASCHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

CONSTANT personalloan loantype_domain
IS personal

". END D cI;

"A.1.2 tl/cii.sme

-- *** Test II
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DEFINITION MODULE D_cii IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring.
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

- - domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
NEW SQLCHAR NOT NULL (length => 9);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 25);

DOMAIN City-domain IS
NEW SQLSHAR(length => 25);

DOMAIN State_domain IS
NEW SQLCHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQLCHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_code_domain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_codedomain IS
NEW SQLINT NOT NULL;

DOMAIN Accountnumber_domain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_numberdomain IS
NEW SQLSMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interest_rate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan-payment.domain IS
NEW SQLREAL NOT NULL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL NOT NULL (FIRST => 0.0, LAST => 1.0E+10);

-- domain enumeration declarations

DOMAIN Loantypedomain IS
NEW SQLENUMERATIONAS_CHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Loan2_type domain IS
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NEW SQLENUMERATIONASCHAR NOT NULL
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Branch_number_domain IS
NEW SQLENUMERATIONAS_INT
(ENUMERATION => branches, MAP => POS);

DOMAIN Branch2_number_domain IS
NEW SQLENUMERATIONASINT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customerrecord IS
CustName : Customer_name_domain;
SSN : SSNdomain;
Street : Addr_domain NOT NULL;
City : City-domain;
State : State_domain;
ZIP : ZIP_code_domain;

END customerrecord;

END D..cII;

A.1.3 tl/ciiisme

-- ** Test III

DEFINITION MODULE D_cIII IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver-Spring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

S-- domain character declarations

DOMAIN Customer_namedomain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
4 NEW SQLCHAR NOT NULL (length => 9);

DOMAIN Addrdomain IS
NEW SQL_CHAR(length => 25);

SDOMAIN Citydomain IS
NEW SQL_CHAR(length => 25);

DOMAIN Statedomain IS
NEW SQL_CHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQLCHAR(length => 25);
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-- domain integer declarations

DOMAIN ZIP_codedomain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_code_domain IS
NEW SQLINT NOT NULL;

DOMAIN Accountnumber_domain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_number_domain IS
NEW SQLSMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interestrate-domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan..payment-domain IS
NEW SQLREAL NOT NULL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL NOT NULL (FIRST => 0.0, LAST => 1.0E+10);

-- domain enumeration declarations

DOMAIN Loantype-domain IS
NEW SQL.ENUMERAT IONASCHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Loan2_type...domain IS
NEW SQLENUMERATION_AS_CHAR NOT NULL
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Branchnumberdomain IS
NEW SQLENUMERATIONAS_INT
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_numberdomain IS
NEW SQLENUMERATIONASINT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer_record IS
Cust_Name Customer_name.domain;
SSN SSN_domain;
Street :.Addr_domain NOT NULL;
City Citydomain;
State Statedomain;
ZIP ZIPcodedomain;

END customerrecord;

END D_cIII;

WITH D_cIII;
USE DcIII;
SCHEMA MODULE TlIII IS

-- Basic customer information

TABLE Customer IS
Cust_Name Customer_namedomain,
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SSN not null SSN_domain
Street__addr :Addr_domain.
City..addr :addr__domain,
State-addr :State-domain,
ZIP-addr :ZIP-code-domain

END Customer;

-- Savings account

TABLE Savings-account IS
SBranch-number Branch-number-domain,
SAccount-number Account_number_domain
S~alance :Balance-domain,
SCustomerSSN not null :SSNý_domain

END;

-- Checking account

TABLE Checking-account IS
CBranch-number Branch_number__domain,
CAccount_number Account_number_domain
CBalance :Balance-domain,
CCustomerSSN not null :SSN_domain

END Checking~account;

-- loan account

TABLE loan-account IS
LBranch_number Branch-number-domain,
LAccount-number Account-number-domain
LBalance. :Balance_domain,
LPayment not null :Loan..Payment...domain,
LCustomerSSN not null :SSN_domain

END loan_account;

-- Branch information

TABLE Branch_info IS
Branch_name :Branch_name_domain
Branch_number :Branch-number_domain
Assets not null :Branch_assets_domain

END Branch-info;

END Tl-III;

A.1.4 tWciv~sme

-- **Test IV

DEFINITION MODULE D_clV IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver-Spring,
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Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_namedomain IS
NEW SQL_CHAR(length => 50);

DOMAIN SSNdomain IS
NEW SQL_CHAR NOT NULL (length => 9);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 25);

DOMAIN City-domain IS
NEW SQLCHAR(length => 25);

DOMAIN State_domain IS
NEW SQLCHAR(length.=> 2);

DOMAIN Branch_name_domain IS
NEW SQLCHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_codedomain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_codedomain IS
NEW SQLINT NOT NULL;

DOMAIN Account_numberdomain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_number_domain IS
NEW SQLSMALLINT NOT NULL;

- - domain real declarations

DOMAIN Balancedomain IS
NEW SQL REAL;

DOMAIN Interest-rate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loanpayment domain IS
NEW SQLREAL NOT NULL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL NOT NULL ( FIRST => 0.0, LAST => 1.0E+10);

- - domain enumeration declarations

DOMAIN Loan_type-domain IS
NEW SQLENUMERAT IONASCHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Loan2_type-domain IS
NEW SQLENUMERATIONASCHAR NOT NULL
(ENUMERATION => Loan-types, MAP => IMAGE);

DOMAIN Branchnumberdomain IS
NEW SQLENUMERATIONASINT
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_numberdomain IS
NEW SQLENUMERATIONASINT NOT NULL
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(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer-record Is
Cust_Name :Customer_name__domain;
SSN :SSN_domain;
Street-addr :Addr_domain;
City..addr : City...domain;
State-addr :State_domain;
ZIP_addr :ZIP_code~domain;

END customer_record;

END D..cIV;

WITH Dý-cIV;
USE D...cIV;
SCHEMA MODULE Ti_III IS

-- Basic customer information

TABLE Customer IS
Cust_Naine' Customer_name_domain,
SSN not null : SSNý_domain
Street...addr :Addr-domain,
City-..addr :City~domain,
State_addr :State_domain,
ZIP_addr : ZIP_ýcode_domain

END Customer;

-- Savings account

TABLE Savings....account IS
SBranch_number :Branch_number_domain,
SAccount-number Account_number-domain
S~alance :Balance_domain,
SCustomerSSN not null: SSN-domain

END;

-- Checking account

TABLE Checking~account IS
C~ranch-number : Branch-number_domain,
CAccount~number :Account~number_domain
CBalance : Balance_domain,
CCustomerSSN not null: S5W_domain

END Checking .account;

-- loan account

TABLE loan_account IS
L~ranch_number : Branch..number domain,
LAccount-number :Account~number_domain
L~alance :Balance_domain,

LPayment not null: Loan-..Payment -domain,
LCustomer-SSN not null: SSN_domain

EMD loan_account;
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-- Branch information

TABLE Branch_info IS
Branchname : Branch_namedomain
Branch_number : Branchnumberdomain
Assets not null : Branch_assets_domain

END Branchinfo;

END TiIII;

WITH D_cIV;
USE DcIV;
ABSTRACT MODULE A&cIV IS

AUTHORIZATION TiIII

ENUMERATION Bool IS
true,
false);

STATUS Stat_Mapi USES Bool IS
(0 => true, 100 => false);

STATUS Stat_Map2 NAMED StatMap2_Renamed USES Bool IS
(0 => true, 100 => false);

-- procedures

-- commit statement

PROCEDURE Commit_work IS

COMMIT WORK STATUS Stat_Mapl;

-- delete statement

PROCEDURE Delete_customer_loan (loannumber_in
Accountnumber-domain) IS

DELETE FROM
TI-III. Loanaccount

WHERE
TlIII.Loanaccount.LAccount-number = loannumberin

STATUS StatMapl NAMED Stat_Mapl.Renamed;

PROCEDURE Deletecustomers IS
DELETE FROM

TIIII.customer
STATUS StatMap2;

-- rollback statement

PROCEDURE rollback_work IS
ROLLBACK WORK STATUS Stat_Map2 NAMED StandardMap;

-- update statement

PROCEDURE Updatesavings-account_balance
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(account_number-in NAMED acct :account_number_domain NOT
NULL;

transaction balance-domain
is
UPDATE

TiIII. savings...account
SET

TiIII.savings...account.Sbalance
Ti_III.savings...account.Sbalance + transaction

WHERE
TiIII.savings...account.Saccount_number =account-number-in;

PROCEDURE Savings_and_loan_transaction IS
UPDATE

Ti_III.loan__account
SET

TiIII.ioan_,account.Lbalance = 0.0;

-- insert statement (query)

PROCEDURE move-checking~to savings
(account_num-in : account~number...domain)

is
INSERT INTO

Ti_III .savings...account
SELECT
FROM

Ti_III .checking..account
WHERE

TiIII.checking...account.Caccount-number >= account_numikin;

-- insert statement (values)

PROCEDURE Newý_custpmer IS
INSERT INTO

TiIII.customer
FROM

New _customer_ info: customer record
VALUES;

-- select statement

PROCEDURE Get-customer~profiie (SSN_in : SSN._domain) IS
SELECT
INTO

Customer_Profile : customer_record
FROM

customer
* WHERE

customer.SSN =SSN~in;

I,.END A~cIV;
A.1.5 tl/cv~sme

-- **Test V
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DEFINITION MODULE DCV IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSNdomain IS
NEW SQLCHAR NOT NULL (length => 9);

DOMAIN Addrdomain IS
NEW SQLCHAR(length => 25);

DOMAIN Citydomain IS
NEW SQLCHAR(length => 25);

DOMAIN Statedomain IS
NEW SQL_CHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQL_CHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_code_domain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_code_domain IS
NEW SQLINT NOT NULL;

DOMAIN Accountnumberdomain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_numberdomain IS
NEW SQLSMALLINT NOT NULL;

- - domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interestratedomain IS
NEW SQLREAL( FIRST'=> 0.0, LAST => 1.0);

DOMAIN Loanpaymentdomain IS
NEW SQLREAL NOT NULL;

DOMAIN Branchassets_domain IS
NEW SQLREAL NOT NULL ( FIRST => 0.0, LAST => 1.0E+10);

-- domain enumeration declarations

DOMAIN Loantype.domain IS
NEW SQLENUMERAT IONASCHAR
(ENUMERATION => Loan-types, MAP => IMAGE);

24 Intermetrics, Inc.



Appendix A - Compiler Test Suie Sowge Code

DOMAIN Loan2_type_domain IS
NEW SQLENUMERATIONASCHAR NOT NULL
(ENUMERATION => Loan types, MAP => IMAGE);

DOMAIN Branch_number..domain IS
NEW SQLENUMERATIONASINT
(ENUMERATION => Branches, MAP => P05);

DOMAIN Branch2._number_domain IS
NEW SQLENUMERATIONASINT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer-record IS
Cust_Name :Customer-name-domain;
SSN :SSN_domain;
StreetAddr :Addr_domain NOT NULL;
City...Addr :City,..domain;
State_addr :State_domain;
ZIP_addr :ZIP_code_domain;

END customer-record;

END D-_CV;

WITH Dý_cV AS DefjMod;
USE DefMod;
SCHEMA MODULE Ti_III IS

-- Basic customer information

* TABLE Customer IS
Cust_Name :Def_Mod.Customer_name_domain,
SSN not null :SSN__domain
Street_addr :Addr_domain,
City-Addr :addr_domain,
State_addr :State_domain,
ZIP_addr :ZIP-code_domain

-~END Customer;

-- Savings account

TABLE Savings~account IS
SBranch_number :Branch~number-domain,
SAccount_number :Account_number_domain
S~alance Balance_domain,
SCustomerSSN not null :SSN--domain

END;

-- Checking account

TABLE Checking-..account IS

CBranch_number :Branch_number_domain,
CAccount-number :Account...number__domain
CBalance :Balance_domain,
CCustomerSSN not null SSNý_domain

END Checking..account;

-- loan account
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TABLE loan-.account IS*
L~ranch_number :Branch-number-domain,
LAccount-number :Account_number_domain
LBalance :Balance_domain,
LPayment not null :Loan_Payment_.domain,
LCustomerSSN not null SSN..domain

END loan_account;

-- Branch information

TABLE Branchjinfo IS
Branch_ýname :Branch_name-domain
Branch_number :Branch_number_domain
Assets not null :Branch_assets_domain

END Branch-info;

END TiIII;

WITH Dý_cV AS DefMod;
USE DefMod;
ABSTRACT MODULE A~cV IS

AUTHORIZATION TiIII

-- cursors

CURSOR List-customers FOR
SELECT*
FROM

TiIII.Customer
ORDER BY

TiIII.Customer.SSN

-- cursors with different predicates in the WHERE statement

-- compound comparison predicate

CURSOR customer_accounts (SSN_in :SSN__domain) FOR
SELECT

TiIII .customer .cust...name,
TiIII .customer.street~addr,
TiIII .customer.city~addr,
TiIII .customer.state~addr,
TiIII.customer.ZIP-addr,
Ti_III savings~account.Saccount_number,
Tl_III'.savings....ccount.Sbalance,
Ti_III. checking...account .Caccount_number,
TiIII.checking--account .Cbalance

FROM
Tl_III.Customer,
Tl_III .Savings~account,
Tl_III .Checking...account

WHERE
TiIII~customer.ssn = ssn-in AND
Ti_III..savings...account.Scustomer_ssn = ssn-in AND
Ti_III.checking...account.Ccustomer_ssn = ssn_in
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-- comparison predicate >=

CURSOR loans_over(ioan...baiance-in :balance_domain) FOR
* SELECT

TiIII.Loan_account.Laccount_number,
TiIII.Loan_account.Lbranch_number,
TiIII.Loan_account.Lcustomer_ssn,
Ti_III.Loan_account.Lbaiance

FROM
Ti_III.Loan_account

WHERE
TiIII.Loan_account.Lbalance >= loan_baiance_in

-- comparison predicate <=

CURSOR ioans..under(ioan~baiance_in :balance__domain) FOR
SELECT

TiIII.Loaný_account.Laccount_number,
Ti_III.Loan_account.Lbranch..juxnber,
Ti_III.Loan_account.Lcustomer_ssn,
Ti_III .Loan~account .Lbalance

FROM
TiIII.Loan_account

WHERE
TiIII.Loan_account..Lbalance <= loan_balance-in

-- comparison predicate >

CURSOR checking~balance-over ( account_bal-in :Balance-domain )FOR
SELECT

TiIII. checking-account.Caccount_number,
TiIII .checking...account .Ccustomer..ssn,
TiIII .checking...account .Cbalance

FROM
TiIII. chebking...account

WHERE
TiIII.checkingaccount.Cbaiance > account_bal_in

-- comparison predicate <

CURSOR savings...balance_under ( account-bal-in :Balance-domain )FOR
SELECT

TiIII. savings..account .Saccount_number,
TiIII .savings~account .Scustomer_ssn,
TiIII .savings__.account .Sbaiance

FRMTiIII .savings~account
WHERE

TiIII.savings..account.Sbaiance < account-bal_in
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- - comparison predicate <>

CURSOR other-branch_names ( branchnamein : branch_namedomain) FOR
SELECT

Ti_I-III.branch_info.branchname
FROM

TiIII.branch_info
WHERE

TIIII.branchinfo.branchname <> branchnamein

END A-cV;

A.1.6 tllvisme

-_ t* Test VI

DEFINITION MODULE DcVI IS

enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customernamedomain IS
NEW SQL_CHAR(length => 50);

DOMAIN SSNdomain IS
NEW SQL_CHAR NOT NULL (length => 9);

DOMAIN Addrdomain IS
NEW SQLCHAR(length => 25);

DOMAIN City-domain IS
NEW SQL_CHAR(length => 25);

DOMAIN Statedomain IS
NEW SQL_CHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQL_CHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_code-domair TIS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_codedomain IS
NEW SQL_INT NOT NULL;

DOMAIN Accountnumberdomain IS
NEW SQL_SMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_number-domain IS
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NEW SQLSMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interest-rate_domain IS
NEW SQL REAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loanpayment domain IS
NEW SQL_REAL NOT NULL;

DOMAIN Branchassets_domain IS
NEW SQL_REAL NOT NULL ( FIRST => 0.0, LAST => 1.OE+10);

-- domain enumeration declarations

DOMAIN Loan type_domain IS
NEW SQLENUMERATIONASCHAR
(ENUMERATION => Loan_types, MAP => IMAGE);

DOMAIN Loan2_type_domain IS
NEW SQLENUMERATIONASCHAR NOT NULL
(ENUMERATION => Loan_types, MAP => IMAGE);

DOMAIN Branch_number_domain IS
NEW SQLENUMERATIONASINT
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_number_domain IS
NEW SQLENUMERATION_AS_INT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customerrecord IS
Cust_Name : Customername_domain;
SSN : SSN_domain;
Street : Addrdomain NOT NULL;
City : Citydomain;
State : Statedomain;
ZIP : ZIPcodedomain;

END customer_record;

END D._cVI;

WITH DcVI;
USE DPcVI;
SCHEMA MODULE Ti_III IS

-- Basic customer information

TABLE Customer IS
CustName : Customernamedomain,
SSN not null : SSN_domain
Streetaddr : Addrdomain,
City.addr : addr_domain,
Stateaddr : State_domain,
ZIP_addr : ZIP_code_domain

END Customer;

-- Checking account
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TABLE Checking-account IS
CBranch_number :Branch_number._domain,
CAccount-number :Account-number-domain
CBalance :Balanqe~domain,
CCustomer_SSN not null :SSN_domain

END Checking account;

-- loan account

TABLE loan_account IS
LBranch_number :Branch_number_domain,
LAccount-number :Account_number..domain
L~alance :Balance_domain,
LPayment not null :Loan_Paymentdomain,
LCustomer_SSN not null :SSNý_domain

END loan.-account;

-- Branch information

TABLE Branch,_info IS
Branch_name :Branch-name_domain
Branch_number :Branch_number_domain
Assets not null :Branch_assets_domain

END Branch_info;

END TiIII;

WITH D-cVI;

SCHEMA MODULE TiIII_2 IS.

-- Savings account

TABLE Savings~account IS
SBranch_number :Dý_cVI.Branch_number_domain,
SAccount-number :Dý_cVI.Account_number_domain
SBalance :D_cVI.Baiance_domain,
SCustomer_SSN not null Dý_cVI.SSN_domain

END ;
END Ti_111_2;

WITH Dý-cVI;
WITH SCHEMA Ti_111_2;
USE D-cVI;
ABSTRACT MODULE A_cVI IS

AUTHORIZATION Ti_III

-- cursors

-- between predicate

CURSOR large..deposits -FOR
SELECT*
FROM

TiIII_2.savings-.account
WHERE

TiIII_2.savings...account.Sbalance
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BETWEEN AVG(Tl-III..2 .savings__.account .Sbalance)
AND MAX (Tl.III_2. savings-account .Sbalance)

-- not between predicate

CURSOR large-ljoans FOR
SELECT

TiIII.loan_account.Laccount_number,
TiIII. loan..account .Lcustomer_ssn,
Ti_III.loan_account.Lbalance

FROM
TiIII.ioan_account

WHERE
TiIII. loan~account .Lbalance

NOT BETWEEN AVG(TIIII.loan_account.Lbalance)

AND MIN(Tl-III .loaný-account .Lbalance)

-- in predicate

CURSOR Loan-count (Branch-in: branch-number_domain )FOR
SELECT

FROM
TiIII .Loan..account

WHERE
Ti_III.Loan_account.LBranch_number IN (Branch-in)

-- not in predicate

CURSOR customer-count FOR
SELECT

FROM
TiIII.customer

WHERE
TiIII.customer.ssn

NOT IN (SELECT TiIII.loan-account.Lcustomer-san
FROM TiIII.loan_account)

-- like predicate

CURSOR find-customer (name_in : customer-name-domain) FOR
SELECT

TiIII.customer.cust-name
FROM

TiIII.customer
WHERE

TiIII.customer.cust-name LIKE name-in

L -- null predicate
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CURSOR find-empty..account FOR
SELECT

TiIII. checking_..Account .Caccount-number,
TiIII .checking-..account .Ccustomer_SSN

FROM
TiIII .checking...account

WHERE
TiIII.checking...account.Cbalance IS NULL

-- exists predicate

CURSOR find_joint.accounts FOR
SELECT

TiIII_2.savings~account.Scustomer ssn,
TiIII_2.savings...account.Saccount number,
checking...account .Caccount_numb~er

FROM
TiIII_2. savings~account, Tl.III .checking-account

WHERE
EXISTS
(SELECT*
FROM

TiIII_2. savings...account, TlIII .checking--account
WHERE

TiIII_2.savings...account.Scustomer-ssn
Ti_III .checking-.account .Ccustomer~..ssn)

END A_cVI;

A.1.7 tllcviisme

-- ~ Test VII

DEFINITION MODULE Dý_cVII IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loan...types IS
mortgage,
auto,
personal);

-- domain character deqlarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
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NEW SQLCHAR NOT NULL (length => 9);
DOMAIN Addr_domain IS

NEW SQLCHAR(length => 25);
DOMAIN City-domain IS

NEW SQLCHAR(length => 25);
DOMAIN State_domain IS

NEW SQLCHAR(length => 2);
DOMAIN Branch_name_domain IS

NEW SQLCHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_codedomain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_code_domain IS
NEW SQLINT NOT NULL;

DOMAIN Account_numberdomain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_number_domain IS
NEW SQLSMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interestrate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loanpayment_domain IS
NEW SQLREAL NOT NULL;

DOMAIN Branchassets_domain IS
NEW SQL_REAL NOT NULL ( FIRST => 0.0, LAST => 1.OE+I0);

-- domain enumeration declarations

DOMAIN Loantype_domain IS
NEW SQLENUMERATIONASCHAR
(ENUMERATION => Loan_types, MAP => IMAGE);

DOMAIN Loan2_typedomain IS
NEW SQLENUMERATION_AS_CHAR NOT NULL
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Branch_number_domain IS
NEW SQLENUMERATIONASINT
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_number_domain IS
NEW SQL_ENUMERATION_AS_INT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record defin tions

RECORD Customerrecord NAMED CustRecRenamed IS
CustName : Customernamedomain;
SSN : SSN_domain;

- Street : Addr_domain NOT NULL;
City : Citydomain;
State : Statedomain;
ZIP : ZIPcode-domain;

END customerrecord;
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END DcVII;

WITH D_cVII;
USE Dý-cVIl;
SCHEMA MODULE TiIII IS

-- Basic customer information

TABLE Customer IS
Cust_Name Customer-name-domajn,
SSN not null SSR_domain
Street-addr :Addr_domain,
City-addr :addr~domain,
State_addr :State_domain,
ZIPý_addr :ZIP_code_domain

END Customer;

-- Savings account

TABLE Savings..account IS
SBrancl'jiumber :Branch_npumber~domain,
SAccount-number :Account-number_domain
S~alance :Balance__domain,
SCustomer_SSN not null :SSNý_domain

END;

-- Checking account

TABLE Checking-..account IS
CBranch_number :Branch-number__domain,
CAccount_number :Account_number_domain
CBalarnce :Balance-domain,
CCustomer_SSN not null SSN-domain

END Checking~account;

-- loan account

TABLE loan_account IS
LBranch_number :Branch_number..domain,
LAccount-number :Account-number_domain
LBalance :Balance_domain,
LPayment not null :LoanPayment...domain,
LCustomer_SSN not null SSN_domain

END loan_account;

-- Branch information

TABLE Branch_info IS
Branch_name :Branch_name_domain
Branch_number :Branch_number__domain
Assets not null :Branch_assets_domain

END Branch_info;

END T1-III;

WITH D-cVII;
USE D~cVII;
ABSTRACT MODULE A-cVII IS
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AUTHORIZATION TiIII

-- cursors

S-- quantified predicate = ALL

CURSOR ListBethesdachecking FOR
SELECT *

FROM
Tl._III.checking__,account

WHERE
TiIII.checkingaccount.Cbranch_number = ALL

-- (SELECT * -- GDT: Result expr can't be *

(SELECT Cbranchnumber
FROM TiIII.checkingaccount
WHERE TlIII.checkingaccount.Cbranchnumber =

bethesda)

Is

procedure Open_Cursor IS OPEN;
END ListBethesda_checking;

-- quantified predicate <> ALL

CURSOR checking-only FOR
SELECT

TlIII.checkingaccount.Ccustomer_ssn
FROM

Tl_III.checkingaccount
WHERE

TiIII.checking.account.Ccustomer_ssn
<> ALL (SELECT TIIII.savingsaccount.Scustomer_ssn

FROM TIIII.savingsaccount)

IS
procedure Open_Curs IS OPEN checkingonly;

END checking--.only;

-- quantified predicate > ALL

CURSOR large-checking FOR
SELECT *

FROM
TlIII.checkingaccount

WHERE
TlIII.checking_account.Cbalance >

ALL (SELECT Ti_III.savings.account.Sbalance
FROM TlIII.savingsaccount)

S-- quantified predicate < ALL

CURSOR smallchecking FOR
SELECT *

FROM
TlIII.checking account
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WHERE
Ti_III.checking...account.Cbalance <

ALL (SELECT Tl..III .savingsAccount .Sbalance
FROM TiIII.savings~account)

-- quantified predicate >= ALL

CURSOR largest-savings FOR
SELECT*
FROM

Ti_III.savings__account
WHERE

Ti_III.savings...account.Sbalance >=
ALL (SELECT TiIII.savings...account.Sbalance

FROM Ti_III.savingsaccount)

-- quantified predicate <= ALL

CURSOR smallest-savings FOR
SELECT*
FROM

Ti_III. savings~account
WHERE

Ti_III.savings....account.Sbalance <=
ALL (SELECT TL.III .savings...account .Sbalance

FROM TiIII.savings...account)

-- quantified predicate = ANY

CURSOR loan_and_save FOR
SELECT

Ti_III. savings...account .Scustomer_ssn
FROM

Ti_III. savingsAccount
WHERE

TiIII.savings-account.Scustomer_ssn =ANY

(SELECT TiIII.loan_account.Lcustomer_ssn
FROM TiIII.loan-account)

-- quantified predicate <= SOME

CURSOR all-checking FOR
SELECT

Ti_III. checking...account .Ccustomer_ssn
FROM

Ti_III. checking~..account
WHERE

TiIII .checking...account .Cbalance <=
SOME (SELECT TI_..III.checking....account.Cbalance

FROM TiIII.checking account)

END A-cVI I;
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A.1.8 tl/cvui.sme

-- ** Test VIII

DEFINITION MODULE D_cVIII IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
NEW SQLCHAR NOT NULL (length => 9);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 25);

DOMAIN Citydomain IS
NEW SQL_CHAR(length => 25);

DOMAIN State_domain IS
NEW SQL_CHAR(length => 2);

DOMAIN Branch_namedomain IS
NEW SQL_CHAR(length => 25);

-- domain integer declarations

DOMAIN ZIP_code_domain IS
NEW SQLINT( FIRST => 0, LAST => 999999999).;

DOMAIN ZIP2_code_domain IS
NEW SQLINT NOT NULL;

DOMAIN Account_number_domain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_numberdomain IS
NEW SQL_SMALLINT NOT NULL;

- - domain real declarations

DOMAIN Balancedomain IS
NEW SQL-REAL;

DOMAIN Interestrate_domain IS
- NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan.payment_domain IS
NEW SQLREAL NOT NULL;

DOMAIN Branchassetsdomain IS
NEW SQL.REAL NOT NULL ( FIRST => 0.0, LAST => 1.OE+l0);
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-- domain enumeration declarations

DOMAIN Loan-type..domain IS
NEW SQL-ENUM1ERATION_-ASCHAR
(ENUMERATION => Loan...types, MAP => IMAGE);

DOMAIN Loan2-type_..domain IS
NEW SQL-ENUMERATIONAS_ýCHAR NOT NULL
(ENUMERATION => Loari~types, MAP => IMAGE);

DOMAIN Branch..nurnber_domain IS
NEW SQL-ENUMERATION_-ASIN'r
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_number_domain IS
NEW SQL...ENUMERATIONASINT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer_record NAMED Cust_Rec IS
Cust_Name :Customer_name_domain;
SSN : SN..domain;
Street :Addr_domain NOT NULL;
City :City-domain;
State :State_domain;
ZIP :ZIP._code_domain;

END customer~record;

END Dý-cVIII;

WITH DcVIII;
USE D-cVIII;
SCHEMA MODULE TiIII IS

-- Basic customer information

TABLE Customer IS
Cust_Name :Customer_name_domain,
SSN not null :SSN_domain
Street-addr :Addr...omain,
City-addr :City-domain,
State_..addr :State~domain,
ZIP_addr :ZIPý_code_domain

END Customer;

-- Savings account

TABLE Savings~account IS
S~ranch~number :Branch_number__domain,
SAccount-number :Account-number_domain
SBalance :Balance_domain,
SCustomer_SSN not null :55WN-domain

END;

-- Checking account

TABLE Checking-account IS
CBranch_number :Branch-number_domain,
CAccount-number :Account-number-domain
C~alance Balance_domain,
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CCustomer_SSN not null SSN-domain
END Checking...account;

-- loan account

TABLE loan_account IS
LBranch~number :Branch_number_domain,
LAccount_number :Account-number-domain
L~alance Balance_domain,
LPayment not null :LoanPayment_domain,
LCustomer_SSN not null :SSN-domain

END loan...account;

-- Branch information

TABLE Branch_info IS
Branch~name :Branch_name~domain
Branch_number :Branch_number_domain
Assets not null :Branch-assets-domain

END Branch~info;

END Tl..111;

WITH D_cVIII;
USE D-cVIII;
ABSTRACT MODULE A~cVIII IS

AUTHORIZATION TiIII

-- cu~rsors

-- cursor procs

CURSOR customer_list FOR
SELECT*
FROM

TlIII.customer
ORDER BY

TiIII.customer.ssn;
is
PROCEDURE open~customer IS

OPEN customer_list;

PROCEDURE closeý_customer IS
CLOSE customer_11st;

PROCEDURE fetch~customer IS
4 FETCH customer_list INTO new customer..record;

PROCEDURE update-customer( new...name :customer-name_domain

newý-ssn :ssn_domain
newý_street :addr_domain

*newý_city :city~domain
new _state :state domain;

newý_zip zip...code..domain) IS
UPDATE TiIII.customer
SET TiIIr.customer.cust-name =new._name,
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TlIII.customer.ssn = new_ssn,
TlIII.customer.street_addr = newstreet,
TlIII.customer.cityaddr = newcity,
TlIII.customer.stateaddr = new_state,
TlIII.customer.zipaddr = new..zip

WHERE CURRENT OF customer_list;

PROCEDURE delete-customer IS
DELETE FROM TiIII.customer;

END customerlist;

END AcVIII;

A.1.9 tldxsime

-- *** Test IX

DEFINITION MODULE DcIX_1 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name.domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
NEW SQLSHAR NOT NULL (length => 9);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 25);

DOMAIN City-domain IS
NEW SQLSCHAR(length => 25);

DOMAIN State_domain IS
NEW SQLSCHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQLCHAR(length => 25);

END DcIXI;

with D_cIXl; use D_cIX_I;
DEFINITION MODULE D_cIX_2 IS

-- domain integer declarations

DOMAIN ZIPcode_domain IS
NEW SQLINT( FIRST => 0, LAST > 999999999);
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DOMAIN ZIP2_code_domain IS
NEW SQLINT NOT NULL;

DOMAIN Account_number_domain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_number_domain IS
NEW SQL_.SMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interest_rate_domain IS
NEW SQL REAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan-paymentdomain IS
NEW SQLREAL NOT NULL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL NOT NULL ( FIRST => 0.0, LAST => 1.OE+I0);

-- domain enumeration declarations

DOMAIN Loan.-.typedomain IS
NEW SQLENUMERA7ION_ASCHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

DOMAIN Loan2_type_domain IS
NEW SQLENUMERATIONAS_CHAR NOT NULL
(ENUMERATION => Loan_types, MAP => IMAGE);

DOMAIN Branch_number_domain IS
NEW SQL_ENUMERATIONAS-INT
(ENUMERATION => Branches, MAP => POS);

DOMAIN Branch2_number_domain IS
NEW SQL_ENUMERATION_ASINT NOT NULL
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer_record IS
Cust_Name : Customer_name_domain;
SSN : SSN_domain;
Street : Addrdomain;
City : City.domain;
State : State_domain;
ZIP : ZIP_codedomain;

END customer_record;

END DcIX_2;

WITH D_cIXl, D..cIX_2;
USE DcIX_1l,D-cIX_2;
SCHEMA MODULE S_cIX_l IS

-- Basic customer information

TABLE Customer IS
Cust_Name : Customer_name_domain,
SSN not null SSNdomain
Streetaddr : Addr_domain,
Cityaddr : City-domain,
Stateaddr : Statedomain,
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ZIP_addr ZIP_code...domain
END Customer;

-- Savings account

TABLE Savings_account IS
SBranch-number :Branch-number-domain,
SAccount-number :Account_ýnuxnber~domain
S~alance :Balance_domain,
SCustomerSSN not null :SSN~domain

END;

-- Checking account

TABLE Checking~account IS
CBranch~number :Branch_number_domain,
CAccount_number :Account_number~domain
C~alance :Balance_domain,
CCustomer..SSN not null :SSN_domain

END Checking_account;

END S-cIX-l;

WITH D_cIX....,D..cIX_2;
USE DX-cIX-J~,DýcIX...2;
SCHEM4A MODULE S_cIX_2 IS

-- loan account

TABLE loan_account IS
LBranch~number :Branch_number_domain,
LAccount_number :Account_number~domain
L~alance :Balance-domain,
LPayment not null :Loan_Payment~domain,
LCustomer_SSN not n411 SSNL_domain

END loan_account;

-- Branch information

TABLE Branch-info IS
Branch..name :Branch_name_domain
Branch..number :Branch_number_domain
Assets not null :Branch~assets_domain

END Branch-info;

END S-cIX..2;

WITH D-cIX~l,D...cIX_2;
USE D_cIXlI; USE Dý_cIX_2;
WITH SCHEMA S_cIX_2;
ABSTRACT MODULE A_cIX_1 IS

AUTHORIZATION S-cIX_1

-- procedures

-- commit statement
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PROCEDURE Commit_work IS
COMM4IT WORK;

-- delete statement

PROCEDURE Deleteý_customerjcoan (loan_number_in
Account-number-domain) IS

DELETE FROM
S_cIX_2.Loan-.account

WHERE
Sý_CIX_2.Loan_account.Laccount_number =loan_number...in;

PROCEDURE Delete_customers IS
DELETE FROM

S_CIX_l.Customer;

-- rollback statement

PROCEDURE rollback..work IS

ROLLBACK WORK;

-- update statement

PROCEDURE Update...saLvings-account_balance
(account_number_in :account_number~domain;
transaction :balance_domain

is
UPDATE

S_cIX_l.Savings_..account
SET

S_cIXLl.Savings~account.Sbalance
= S-cIX-l.Savings,.account.Sbalance + transaction

WHERE
S_cIX_l..Savings...account.Saccount__number= account_number_ifl;

END A..cIX...l;

WITH DcIX_l,DkcIX_2;
USE D...cIX..l;
USE D...cIX_..2;
WITH SCHEMA S...cIXjl;
ABSTRACT MODULE A_cIX_2 IS

AUTHORIZATION S_cIX_2

PROCEDURE Savings_and~loan~transact ion IS
UPDATE

S~cIX_2.loan_account
SET

S_cIX_2.loan_,account.Lbalance =0.0;

-- insert statement (query)

PROCEDURE move-checking....tosavings
(account-num-in :account_number...domain)

is
INSERT INTO

S_cIX_l.savings...account
SELECT
FROM
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S_cIX_.l checkingaccount
WHERE

S_cIX_I.checkingaccount.Caccount_number >= accountnum-in;

-- insert statement (values)

PROCEDURE New-customer IS
INSERT INTO

S_cIX_I.Customer
FROM

Newcustomer_info : new custrecord
VALUES;

- - select statement

PROCEDURE Getcustomerprofile (SSN-in : SSN.domain) IS
SELECT *
INTO

Customer_Profile : customer_record
FROM

S_cIX_1.Customer
WHERE

S_cIX-l.Customer.SSN = SSN_in;

END AcIX_2;

A.1.1O tl/ctl.sme

definition module d_ctl is
-- Member Information
domain MemName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATION_ASINT

MAP => POS, ENUMERATION => SexEnum);

domain Phone is new SQLSCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain Club_Number is new SQL_SMALLINT Not Null;
domain Sum-Domain is new SQLSMALLINT Not Null;
domain Count-Domain is new SQLINT;

end d_ctl;

with d_ctl; use dctl;
schema module srecdb is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
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MemberAge :Age,
MemberSex :Sex,
MemberPhone :Phone,
MemberStreet :Street,
MemberCity :city,
MemberCnty not null County

end Members;

end s-recdb;

with d.ctl; use d_ctl;
abstract module a-ctl is

authorization s-recdb

record MemberRec is
R_MemberName :MemName;
R_Sum :SumLDomain;
R_.Count :Count_Domain;

end;

procedure P_M~emberSelect (Req-MemberSSN SSN) is
select MemberName, SUM(MemberAge), COUNT(*)
into Row :MemberRec
from s-recdb.Members
where s-recdb.Members.MemberSSN = Req..MemberSSN

procedure MP_MemberSelect (ReqMemberSSN :SSN) is
select MemberName, Sum_Domain(SUM(MemberAge)),

Count_Domain(COUNT(*))
into Row :MemberRec
from s-recdb.Members
where s-recdb.Members*MemberSSN = RecLj~emberSSN;

procedure MPD_MemberSelect (RecL..MemberSSN :SSN) is
select MemberName, Sum_Domain(SUM(MemberAge)) named foo,

Count_Domain(COUNT(*)) named ct
from s-recdb.Members
where s-recdb.Members.MemberSSN = ReqMemberSSN

cursor M_MemberSelect (ReqMemb~erSSN :SSN) for
select MemberName, Stum_Domain(SUM(MemberAge)) named foo,

ICountDomain(COUNT(*)) named ct
from s-recdb.Members
where s_recdb.Members.MemberSSN = RecLMemberSSN

is
procedure Fetchlt is

fetch into Row :new MemRec;
end M_MemberSelect;

cursor MD_MemberSelect (RecLMemberSSN :SSN) for
select MemberName, Sum_ýDomain (SUM(MemberAge)) named foo,

CountDomain(COUNT(*)) named ct
from s-recdb.Members
where s-recdb.Members.MemberSSN = Req...MemberSSN

is
procedure Fetchlt is

fetch;
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end MD_MemberSelect;

end actl;

A.1.11 tl/ct2me

-- This test is the simple demo (input.sme)

definition module dct2 is
-- Member Information
domain Me~lame is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQLkCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMRATIONASINT

MAP => POS, ENUMERATION => SexEnum);

domain Phone is new SQL_CHAR (Length => 8);
domain Street. is new SQLSCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

end d_ct2;

with dct2; use d.ct2;
schema module sct2 is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Se),
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end sct2;

with dct2; use dct2;
abstract module a_ct2 is

authorization s-ct2

record MemberRec is
MemberName : MemName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
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MemberCity : City;
MemberCnty : County;

end;

procedure CommitWork is
commit work;

procedure MemberInsert is
insert into sct2.Memrbers
from Row : MemberRec
values;

cursor MemberSelect (Req._MemberSSN SSN) for
select *
from sct2.Members

where sct2.Members.MemberSSN = ReqMemberSSN
is

procedure FetchIt is
fetch into Row : new MemRec;

end MemberSelect;

end act2;

A.1.12 tWc3.sme

-- The big demo test (T2)

DEFINITION MODULE dct3 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLSCHAR(length => 15);

DOMAIN Addrdomain IS
NEW SQLCHAR(length => 15);

DOMAIN City-domain IS
NEW SQLSCHAR(length => 15);

DOMAIN Statedomain IS
NEW SQLCHAR(length => 2);

-- domain integer declarations

DOMAIN SSNdomain IS
NEW SQLINT NOT NULL ( FIRST :> 0, LAST => 999999999);
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DOMAIN acct-numirLdomain IS
NEW SQL SMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

-- domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interestrate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan-paymentdomain IS
NEW SQLREAL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL;
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-- domain enumeration declarations

* ~DOMAIN Loan..type_domain IS
NEW SQL-ENUMERATIONA5..int
(MAP => POS, ENUMERATION => Loan-.types);

DOMAIN branch_num_domain IS
NEW SQL-ENUMERATIONASINT
(MAP => POS, ENUMERATION => Branches);

-- record definitions

RECORD Customer_record IS
Cust_Name :Customer_name_domain;
SSN :SSNý_domain;
Street :Addr_domain;
City :City~domain;
State :State_domain;

END customer_record;

RECORD Savings~entry IS
branch__num :branch__num__domain;
acct-num :acct_num__domain;
Balance :Balance-domain;
cust-ssn :SSN_domain;

END Savings-..entry;

RECORD Cheque ing...entry IS
branch-num :branch_num_domain;
acct-num :acct__numk_domain;
Balance :Balance-domain;
cust-ssn :SSN_domain;

END Cheque ing~entry;

RECORD loan_entry IS
branch-num :branch-num_domain;
acct-num :acct-num_domain;
Balance Balance_domain;
Loan-type :Loan~type_domain;
cust-ssn :SSNý_domain;

END loan-entry;

RECORD Branch_entry IS
branch-num :branch_numt_domain
Assets Branch_assets-domain;

END Branch...entry;

END d..ct3;
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WITH d-ct3;
USE d~ct3;
SCHEMA MODULE s-ct.3 IS

-- Basic customer information

TABLE Cust IS
Cust_Name :Customer_.name_domain,
SSN not null :SSN_domain,
Street-addr :Addr-domain,
City_,addr :City..domain,
State_addr :State~domain

END cust;

-- Checking account

TABLE cheque IS
branch~num branch-numi~domain,
acct-nuxn not null :acct-num-..domain,
Balance :Balance__domain,
cust-ssn not null :SSN~domain

END cheque;

-- Savings account

TABLE Save IS
branch_num branch~nun~domain,
acct__num not null :acct_numndomain,
Balance :Balance...domain,
cust-ssn not null :SSN-domain

END Save;

-- loan account

TABLE loan IS
branch_num :branch_num_domain,
acct-num not null :acct-num_:domain,
Balance :Balance~domain,
Loan-type :loan~type..domain,
cust-ssn not null :SSN-domain

END loan;

-- Branch information

TABLE Branch IS
num branch~nuxn_domain
Assets Branch_assets_domain

END Branch;

END s_ct3;
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WITH dct3;
USE dct3;
ABSTRACT MODULE a_ct3 IS

AUTHORIZATION s_ct3

, - - procedures

-- commit statement

PROCEDURE Commit_work IS
COMMIT WORK;

- - delete statement
i --

PROCEDURE Delete_customer_loan
S(loan-numberin : acctnum_domain) IS

DELETE FROM
s_ct3.Loan

WHERE
s_ct3.Loan.acct_num = loan.number_in;

-- rollback statement

£ PROCEDURE rollback_work IS
ROLLBACK WORK;

- - update statement

PROCEDURE Up saveacctbal
(acctnumin : acct_num_domain;
transaction balancedomain

IS

UPDATE
s_ct3.save

SET
s_ct3.save.balance =

s_ct3.save.balance + transaction
WHERE

s_ct3.save.acct_num = acct_num_in;

PROCEDURE S_andL IS
UPDATE

s-ct3. Loan
SET

sct3.Loan.balance = 0.0;

-- insert statement (query)

PROCEDURE movecheque to-save
S(account-num_in :acct_num domain)

IS
INSERT INTO

s_ct3.save
SELECT *

FROM
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s-ct3.cheque
WHERE

s-ct3.cheque-acct-num >= account_numjin;
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-- insert statement (values)

-- select statement

PROCEDURE Getcust-profile (SSN-in SSN-domain) IS
SELECT *

INTO
CustomerProfile : customerrecord

FROM
s_ct3.cust

WHERE
s ct3.cust.SSN = SSN..in;

-- insert statement (values)

-- select statement

PROCEDURE Getsaverecord
(acctnum_in : acct_numdomain) IS

SELECT*
INTO

savings-record : savings entry
FROM

s_ct3.save
WHERE

s_ct3.save.acct_nux =
acctnumi._in;

-- cursors

-- cursors with different predicates in the WHERE statement

-- comparison predicate

CURSOR customer_accounts(SSNin SSN_domain) FOR
SELECT

s_ct3.save.custssn,
s_ct3.save.acct_num,
s_ct3.save.balance

FROM
s_ct3.save

WHERE
s_ct3.save.custssn = ssn-in
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-- comparison predicate >=

CURSOR loans-over(loan_balance..in balance_domain) FOR
SELECT

s_ct3 .Loan.acct~num,
s_ct3.Loan.branch_num,
s-ct3 .Loan.cust..ssn,
s-ct3.Lo~an.balance

FROM
s_ct3.Loan

WHERE
s-ct3.Loan.bal~ance >= loan_balance-in

-- comparison predicate <=

CURSOR loans...under(loan-balance-in balance-domain) FOR
SELECT

s_ct3 .Loan.acct..num,
s-ct3 .Loan.branchjium,
sa-ct3 .Loan.cust..ssn,
s-ct3 .Loan.balance

FROM
s_ct3.Loan

WHERE
s-ct3.Loan.balance <= loan_balanceý_in

-- comparison predicate >

CURSOR cheque_bal_over ( account_bal_in Balance_ýdomain )FOR
SELECT

s-ct3 .cheque.acct..num,
s-ct3 .cheque.balance

FROM
s-ct3.cheque

WHERE
s-ct3.cheque.balance > account_bal-in

-- comparison predicate <

CURSOR save_bal_under ( account-bal-in Balance-domain )FOR
SELECT

s_ct3 .save.acct..num,
a-ct3.save.balance

FROM
a-ct3.save

WHERE
s-ct3.save.balance < account-bal-in
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-- comparison predicate <>

CURSOR other_branches
(branch_numr_.in :branch~nunt..domain )FOR

SELECT
s-ct3.Branch.num

FROM
s-ct3.Branch

WHERE
s-ct3.Branch.num <> branch_numk-in

-- between predicate

CURSOR large-..deposits
(lower-bound :balance_domain; upper~bound :balance....domain) FOR

SELECT
FROM

s_ct3.save
WHERE

s-ct3.save.balance
BETWEEN lower_bound

AMD upper~bound

-- not between predicate

* CURSOR large-loans
(lower-bound :balance--domain; upper..bound :balance_domain) FOR

SELECT
s_ct3.Loan.acct_num,
s-ct3 .Loan.balance,
s-ct3 .Loan.cust-ssn

FROM
s-ct3.Loan

* WHERE
s-ct3.Loan.balance NOT BETWEEN lower_bound AND upper-..bound
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-- like predicate

CURSOR find_customer (name-.in customer_name...domain) FOR
SELECT

s_ct3 .cust .cust~name
FROM

s_ct3.cust
WHERE

s-ct3.cust.cust..name LIRE name_in

-- in predicate

CURSOR Loan._count ( Branch~.in: branch_num_domain )FOR
SELECT

FROM
s-ct3 .Loan

WHERE
s_ct3.Loan.Branch_num IN (Branch...in)

-- cursor procs

CURSOR customer-list FOR
SELECT*
FROM

s-ct3.cust

is
PROCEDURE open~customer IS
OPEN customer_list;

PROCEDURE closes_customer IS
CLOSE customer-list.ý

PROCEDURE fetch_customer IS
FETCH customer_list INTO next_customer new c_record;

PROCEDURE update_customer (newk_street :Addr~domain) IS
UPDATE sct3.cust
SET s-ct3.cust.street_addr = new__street
WHERE CURRENT OF customer_list;

PROCEDURE delete-customer IS
DELETE FROM s_ct3.cust;

END customer..list;
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-- procedures and cursors used to initialize the database and
S-- verify the contents of tables after test transactions

, PROCEDURE Newcustomer IS
INSERT INTO

s ct3.cust
FROM

New_customer_info new cust_record
VALUES;

PROCEDURE New_chequeing IS
INSERT INTO

s-ct3.cheque
FROM

Newchequeinginfo chequeing-entry
VALUES;

PROCEDURE New_savings IS
INSERT INTO

s_ct3.save
FROM

New_savingj_info savings...entry
VALUES;

PROCEDURE New_loan IS
INSERT INTO

s_ct3.Loan
FROM

New_loan_info loan_entry
VALUES;

PROCEDURE Newbranch IS
INSERT INTO

s_ct3.Branch
FROM

Newbranch_info new b_entry
VALUES;

PROCEDURE Deletecustomers IS
DELETE FROM

s_ct3.cust;

PROCEDURE Delete-chequeing IS
DELETE FROM

s_ct3.cheque;

PROCEDURE Delete-savings IS
DELETE FROM

s_ct3.save;

PROCEDURE Deleteloans IS
DELETE FROM

s_ct3.Loan;

PROCEDURE DeleteBranches IS
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DELETE FROM
s_ct3.Branch;
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CURSOR List_customers FOR
SELECT *
FROM

s_ct3.cust
ORDER BY

s-ct3.cust.SSN

CURSOR List-chequeing FOR
SELECT *

FROM
s_ct3.cheque

ORDER BY
s_ct3.cheque.acctnum

CURSOR Listsavings FOR.
SELECT *

FROM
s_ct3.save

ORDER BY
s_ct3.save acct_num

CURSOR Listloans FOR
SELECT *

FROM
s_ct3.Loan

ORDER BY
s_ct3.Loan.acct_num

CURSOR List-branches FOR
SELECT *

FROM
s_ct3.Branch

ORDER BY
s_ct3.Branch.num

END a_ct3;

A.1.13 tl/ct4.sme

-- Test named as phrases on status declarations
-- Test generation of status code and param names

definition module d_ct4 is
domain MemName is new SQL_CHAR Not Null (Length => 30);

[enumeration SQL_Code_Enum is (Ok, Bad, WhoKnows);
status SQLStatusl uses SQL_CodeEnum is

0 => ok,
I => bad,
3 => WhoKnows);

status SQLStatus2 named Status2 uses SQL_CodeEnum is
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0 => ok,
1 => bad,
3 => WhoKnows);

end dct4;

with dct4; use d-ct4;
schema module sct4 is

table Members is
MemberName not null MemName

end Members;
end sct4;

with d_ct4; use d ct4;
abstract module act4 is

authorization s-at4

procedure CommitWorkl_1 is
commit work
status SQL. Status1;

procedure CommitWorkl_2 is
commit work
status SQLStatusl named CWl12;

procedure CommitWork2_1 is
commit work
status SQLStatus2;

procedure CommitWork2_2 is
commit work
status SQLStatus2 named CW2_2;

end a_ct4;

A.1.14 tl/ctd.sme

-- Tests AS PHRASES on context clauses

definition module d ct5 is
-- Member Information
domain MemName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONASINT

MAP => POS, ENUMERATION => SexEnum);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLACHAR (Length => 30);
domain City is new SQL_CHAP (Length => 15);

domain County is new SQLSCHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;
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end dct5;

with d_ct5 as SM;
use SM;
definition module dct5_2 is

constant C_Name : SM.MemName is '123456789012345678901234567890';
constant CSSN : SM.SSN is '123456789';
constant C_Club_Number : SM.Club_Number is 10;
constant CAge : SM.Age is 39;
constant CSex : SM.Sex is SM.F;
constant CPhone : SM.Phone is 12345678';
constant C_Street : SM.Street is U1234567890123456789012345678901;
constant CCity : SM.City is 123456789012345';
constant C_County : SM.County is 'MO';

end d ct5_2;

with dct5 as SM;
use SM;
schema module sct5 is

table Members is
MemberName not null MemName,
MemberSSN not null SSN,
ClubNumber not. null Club._Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName2 not null : SM.MemName,
MemberSSN2 not null : SM.SSN,
ClubNumber2 not null : SM.Club_Number,
MemberAge2 : SM.Age,
MemberSex2 : SM.Sex,
MemberPhone2 : SM.Phone,
MemberStreet2 : SM.Street,
MemberCity2 : SM.City,
MemberCnty2 not null SM.County

end Members2;

end s_ct5;

with d_ct5 as SM;
use SM;
schema module Qsct5 is

table QMembers is
QMemberName not null MemName,[S QMemberSSN not null : SSN,
QClubNumber not null : ClubNumber,
QMemberAge : Age,
QMemberSex : Sex,
QMemberPhone : Phone,
QMemnerStreet : Street,
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QMemberCity : City,
QMemberCnty not null : County

end QMembers;

end Qs.ct5;

with d_ct5; use d_ct5;
with schema Qsct5 as QQ;
abstract module a_ct5 is

authorization sct5

procedure CommitWorkll is
commit work;

procedure MemberInsert is
insert into QQ.QMembers
values;

end a_ct5;

A.1.15 t/ct6.sme

DEFINITION MODULE D_ct6 IS
DOMAIN Character-set_domain IS

NEW SQLCHAR(length => 43);
DOMAIN integerdomain IS

NEW SQLINT;
DOMAIN sm_integerdomain IS

NEW SQL.SMALLINT;
DOMAIN real_domain IS

NEW SQLREAL;

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

DOMAIN Loantypedomain IS
NEW SQLENUMERATIONAS_CHAR
(ENUMERATION => Loantypes, map => image);

CONSTANT personalloan : loantypedomain
IS personal

CONSTANT one IS 1;
CONSTANT Domc_one IS integerdomain(one);
CONSTANT one_dotzero IS 1.0;
CONSTANT onefloat IS 10.OE-l;

CONSTANT Done : smintegerdomain IS 1;
CONSTANT D_Domc_one : integer_domain IS integerdomain(one);
CONSTANT D_one_dotzero : real_domain IS 1.0;
CONSTANT D_one_float real_domain IS 10.OE-l;

CONSTANT ul IS -1;
CONSTANT u2 IS +1;
CONSTANT u3 IS -1.0;
CONSTANT u4 IS +1.0;
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CONSTANT u5 IS -1.OE+00;
CONSTANT u6 IS +l.OE-00;

CONSTANT pl IS (-1);
CONSTANT p2 IS (+1);
CONSTANT p 3 : real_domain IS (-1.0);
CONSTANT p4 IS (+1.0);
CONSTANT p5 IS (-1.OE+00);
CONSTANT p6 : realdomain IS (+l.OE-00);

CONSTANT al IS 1+(-l);
CONSTANT a2 IS pl+(+l);
CONSTANT a3 IS 1.OEO+(-1.0);
CONSTANT a4 IS p3+(+1.0);
CONSTANT a5 IS 1.0+(-1.OE+00);
CONSTANT a6 IS p5+(+l.OE-00);
CONSTANT a7 IS real._domain(l.0) + real_domain((-l));

CONSTANT a8 IS p6 + real_domain((+l));
CONSTANT a9 IS real_domain(l.OEO) + real_domain((-l));
CONSTANT aO IS real_domain(p3) + real_domain((+l));

CONSTANT sl IS 1-(-l);
CONSTANT s2 IS pl-4+1);
CONSTANT s3 IS 1.0EO-(-1.0);
CONSTANT s4 IS p3-(+1.0);
CONSTANT s5 IS 1.0-(-l.OE+00);
CONSTANT s6 IS pS-(+l.OE-00);
CONSTANT s7 IS real_domain(l.0) - real_domain((-1));
CONSTANT s8 IS -p6 - real._domain((+l));
CONSTANT s9 IS realdomain(l.OEO) - real_domain((-1));
CONSTANT sO IS real_domain(p3) - real_domain((+1));

CONSTANT ml IS (4 - (-6))*(+5 + 5);
CONSTANT dl IS (4 - (-6))/(+5 + 5);
CONSTANT m2 IS (4.0 - (-6.0))*(+5 + 5);
CONSTANT d2 IS (4.0 - (-6.0))/(+S + 5);
CONSTANT m3 IS (4 - (-6))*(+5.0 + 5.0);
CONSTANT d3 IS real_domain(4 - (-6))/real-domain(+5.0 + 5.0);
CONSTANT m4 IS (4.0 - (-6.0))*(+5.0 + 5.0);
CONSTANT d4 IS (4.0 - (-6.0))/(+5.0 + 5.0);
CONSTANT m5 IS (4.OEO - (-6.0))*(+5.0E0 + 5.0);
CONSTANT d5 IS (4.0 - (-6.OEO))/(+5.0 + 5.OEO);
CONSTANT m6 IS (4.0 - (-6.0))*(+5.0E0 + 5.0);
CONSTANT d6 IS (4.0 - (-6.0))/(+5.0 + 5.OEO);
CONSTANT m7 IS (4.OEO - (-6.0))*(+5.0 + 5.0);
CONSTANT d7 IS (4.0 - (-6.OEO))/(+5.0 + 5.0);

END Dct6;

A.1.16 tl/ct7Wsme

DEFINITION MODULE D_ct7 IS

S-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
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Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loan types IS
mortgage,.
auto,
personal);

-- domain character declarations

DOMAIN Customername-domain IS
NEW SQLCHAR(length => 50);

DOMAIN SSN_domain IS
NEW SQL CHAR NOT NULL (length => 9);

DOMAIN Addrdomain IS
NEW SQL_CHAR(length => 25);

DOMAIN City_domain IS
NEW SQLCHAR(length => 25);

DOMAIN State-domain IS
NEW SQLCHAR(length => 2);

DOMAIN Branch_name_domain IS
NEW SQLCHAR(length => 25);

END D._ct7;

A.1.17 tl/ctS.sme

-- !reference dct7
with D_ct7; use D.ct7;
DEFINITION MODULE D._ct8 IS

-- domain integer declarations

DOMAIN ZIP_codedomain IS
NEW SQLINT( FIRST => 0, LAST => 999999999);

DOMAIN ZIP2_codedomain IS
NEW SQLINT NOT NULL;

DOMAIN Accountnumber_domain IS
NEW SQLSMALLINT( FIRST => 0, LAST => 9999);

DOMAIN Account2_numberdomain IS
NEW SQLSMALLINT NOT NULL;

-- domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interestrate-domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan-paymentdomain IS
NEW SQL REAL NOT NULL;

DOMAIN Branchassetsdomain IS
NEW SQLREAL NOT NULL ( FIRST => 0.0, LAST > 1.OE+10);

-- domain enumeration declarations

DOMAIN Loantype~domain IS
NEW SQLENUMERATIONASCHAR
(ENUMERATION => Loan-types, MAP => IMAGE);
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DOMAIN Loan2_type_domain IS
NEW SQLENUMERATIONAS_ýCHAR NOT NULL
(ENUMERATION => Loan-types, MAP => IMAGE);

DOMAIN Branch_number_domain IS
NEW SQL...ENUMERATIONASINT
(MAP => POS, ENUMERATION => Branches);

DOMAIN Branch2_number_domain IS
* ~NEW SQL_..ENUMERATIONASINT NOT NULL
S (MAP => POS, ENUMERATION => Branches);

-- record definitions

RECORD Customer_record IS
Cust_Name :Customer_name-domain;
SSN :SSN-domain NOT NULL;
Street Addr-..domain;
City :City~domain;
State :State_domain;
ZIP :ZIP_code_domain;

END customer_record;

END D~ct8;

A.1.1 tllct~sme

-- !Ireference d~ct7
& -- !reference d_ct8

WITH D...ct7,D...ct8;
USE DL..ct7,Dý..ct8;
SCHEMA MO0DULE S_ct9 IS

-- Basic customer information

TABLE Customer IS
Cust_Name :Customer_name-domain,
SSN not null :SSNý_domain
Street--addr :Addr_domain,
City-addr :City-..domain,
State_addr :State-domain,
ZIP-addr :ZIP_code_domain

END Customer;

-- Savings account

TABLE Savingsaccount IS
SBranch_number :Branch_number_domain,
SAccount-number :Account...number_domain
SBalince :Balance domain,
SCustomer_SSN not null :SSNý_domain

L -- Checking account

TABLE Checking...account IS
CBranch-number Branch-number-domain,

CAccount_number Account-number-domain
CBalance :Balance-domain,
CCustomerSSN not null :SSN~domain

Intermetrics, Inc. 65



SAMeDL Development Environment - Test Plan__________

END Checking...account;

END S_ct9;

A.1.19 tl/CtO.sme

-- !Ireference s_ct9
WITH D_ct7,Dý_ct8;
USE D-ct7,D-ct8;
SCHEMA MODULE S_ctlO IS

-- loan account

TABLE loan_account IS
L~ranch_number :Branch_number_domain,
LAccount-number :Account_number-_domain
LBalance :Balance_domain,
LPayment not null :Loan_Payment..domain,
LCustomer...SSN not null :SSN-domain

END loan_account;

-- Branch information

TABLE Branch_info IS
Branch-name :Branch-name..domain
Branch_number :Branch_number_domain
Assets not null :Branch_assets_domain

END Branch_info;

END S-ctlO;

A.1.20 tllctlsme

--!reference s__ctlO
WITH D-ct7,D-ct8;
USE D_ct7; USE D...ct8;
WITH SCHEMA S_ctlO;
ABSTRACT MODULE A~ctll IS

AUTHORIZATION S_ct9

-- procedures

-- commit statement

PROCEDURE Commit_work IS
COMMIT WORK;

-- delete statement

PROCEDURE Delete-customer-loan (loan-number-in
Account_number_domain) IS

DELETE FROM
S_ctlO.Loan_account

WHERE
S-ctlO.Loan-account.Laccount-number loan~jiumber in;

PROCEDURE Delete-customers IS
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DELETE FROM
S_ct9.Customer;

-- rollback statement

PROCEDURE rollback_work IS

ROLLBACK WORK;

-- update statement

PROCEDURE Update...savings_account-)balance
(account_number_in :account_number__domain;
transaction :balance_domain

is
UPDATE

S-ct9 .Savingsaccount
SET

* ~~S-ct9 .Savings...account .Sbalance
WEE = S_ct9.Sevings...account.Sbalance + transaction

S-ct9.Savings...account.Saccount_numiber =account_number_in;

END A..ctll;

A.1.21 tfcl/d sme

-- !reference a-ctll
WITH D-ct7,DLct8;
USE Dct7;
USE D~ct8;
WITH SCHEMA S...ct9;
ABSTRACT MODULE A~ctl2 IS

AUTHORIZATION S_ctlO

PROCEDURE Savings_,and_loan transaction IS
UPDATE

S_ctlO.loanx_account
SET

S~ctIO.loan_,account.Lbalance = 0.0;

-- insert statement (query)

PROCEDURE move_checking-to...savings
(account_num_in :account_number .domain)

is
INSERT INTO

S~ct9.savings...account
SELECT
FROM*

S_ct9.checking...account
WHERE

S...ct9.checking-account.Caccount-number >= account_num_in;

iiinsert statement (values)

PROCEDURE New-customer IS
INSERT INTO

S...ct9 .Customer
FROM
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New-customer-info : new crec
VALUES;

-- select statement

PROCEDURE Get_customer-profile (SSN_in SSNdomain) IS
SELECT *
INTO

CustomerProfile : customerrecord
FROM

Sct9.Customer
WHERE

S ct9.Customer.SSN = SSN-in;

END Actl2;

A.1.22 t/Uctl3snae

definition module D_ctl3 is
-- Member Information
domain MemName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

MAP => POS, ENUMERATION => SexEnum);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain Club_Number is new SQL_SMALLINT Not Null;
domain SumDomain is new SQLSMALLINT Not Null;
domain Count_Domain is new SQLINT;

end D_ctl3;

with D_ctl3; use D_ctl3;
schema module RecDB is

table Members is
MemberName not null MemName,
MemberSSN not null SSN,
ClubNumber not null ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName2 not null : MemName,

68 Intermetrics, Inc.



Appendix A - Compiler Test Suite Source Code

MemberSSN2 not null :SSN,
ClubNumber2 not null :ClubNumber,
MemberAge2 :Age,
MeniberSex2 :Sex,
MeniberPhone2 :Phone,
MeiuberStreet2 :Street,
MemberCity2 :City,
MezuberCnty2 not null :County

end Members2;

end RecDB;

with D..ct13; use Dý_ctl3;
abstract module A...ctl3 is

authorization RecDB

record MemberRec is
RMemberName : emName;
RSum :SumDomain;
R_ýCount :CountDomain;

end;

procedure P_MemberSelect (ReqLMemberSSN SSN) is
select MemberName, SUM(MemberAge), COUNT(*)
into Row :MemberRec
from RecDB.Members
where RecDB.Members.MemberSSN = ReqMemberSSN;

procedure MP_MemberSelect (RecL.MemberSSN :SSN) is
select MemberName, Sum_Domain(SUM(MemberAge)),

Count_Domain(COUNT(*))
into Row :MemberRec
from RecDB.Members
where RecDB.Members.MemberSSN = RecLMemberSSN;

procedure MPD_M~emberSelect (Req-MemberSSN :SSN) is
select MemberName, Sum_Domain(SUM(MemberAge)) named x,

CountDomain(COUNT(*)) named foo
from RecDB.Members
where RecDB.Members.MemberSSN =Req...MemberSSN

cursor M_MemberSelect (RecLMemberSSN SSN) for
select MemberName, Sum_Domain(SUM(MemberAge)) named sin,

CountDomain(COUNT(*)) named ct
from RecDB.Members
where RecDB.Members.MemberSSN = Req..MemberSSN

is
procedure Fetchlt is

fetch into Row :new M~ec;
end _M-)emberSelect;

-* - cursor MD...MemberSelect CReqMemberSSN :SSN) for
select MemberName, Sum_-Domain(SUH(MemberAge)) named msum,

CountDomain(COUNT(*)) named foo
from RecDB.Members
where RecDB.Members.Memb~erSSN =Req-MemberSSN

is
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procedure FetchIt is
fetch;

end MD_MemberSelect;

end A_ctl3;

A.I.23 tlctl4sme

-- Check replacement of constants and enum literals in embedded
- - C-code

DEFINITION MODULE dctl4 IS

- - enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain enumeration declarations

DOMAIN Loantypedomain IS
NEW SQLENUMERATIONASint
(MAP => POS, ENUMERATION => Loan_types);

DOMAIN branch_num_domain IS
NEW SQL...ENUMERATIONASChar
(ENUMERATION => Branches, MAP => IMAGE);

constant Cl : loan-type-domain is mortgage;
constant C2 : loan_typedomain is loantype domain (loan_type_domain

auto));
constant C3 : branchnumdomain is Bethesda;
constant C4 : branchnumdomain is branchnum__domain

(branchnum_domain
SilverSpring));

END d_ctl4;
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WITH d...ctl4;
USE d...ctl4;
SCHEMA MODULE s-ctl4 IS

TABLE Cust IS
Coill loan-type-domain,
Col2 :loan-type....domain,
Col3 :branch_nuin_domain,
Col4 :branch~num_domain,
ColS loan_type~domain,
Col6 :branchk_num_domain

END cust;

END s-ct14;
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WITH dctl4;
USE dctl4;
ABSTRACT MODULE a_ctl4 IS

AUTHORIZATION s-ct14

PROCEDURE New_customer IS
INSERT INTO

sctl4.cust
VALUES (Cl, C2, C3, C4, personal, Gaithersburg);

PROCEDURE SelCust IS
SELECT *
FROM sctl4.cust

where Coll = Cl and
Co12 = C2 and
Co13 = C3 and
Co14 = C4 and
Co15 = loantype domain(personal) and
Co16 = Gaithersburg;

PROCEDURE UpdCust IS
UPDATE sctl4.cust
SET

Coil = Ci,
Co12 = C2,
Co13 = C3,
Co14 = C4,
Co15 = personal,
Col6 = Gaithersburg;

END actl4;

A.1.24 tllclsme

-- Various insert values tests

DEFINITION MODULE d_ctl5 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customername-domain IS
NEW SQL_CHAR(Iength => 15);

DOMAIN Addr_domain IS
NEW SQL_CHAR(iength => 15);
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DOMAIN City-domain IS
NEW SQLCHAR(length => 15);

DOMAIN State_domain IS
NEW SQL_CHAR(length => 2);

- - domain integer declarations

DOMAIN SSNdomain IS
NEW SQL_INT NOT NULL ( FIRST => 0, LAST => 999999999);

DOMAIN acctnumdomain IS
NEW SQLSMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

-- domain real declarations

"DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interestrate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST > 1.0);

DOMAIN Loanpaymentdomain IS
NEW SQLREAL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL;

-- domain enumeration declarations

DOMAIN Loan-type_ddomain IS
NEW SQL_ENUMERATION_AS_int
(MAP => POS, ENUMERATION => Loantypes);

DOMAIN branch_num_domain IS
NEW SQLENUMERATION_AS_INT
(MAP => POS, ENUMERATION => Branches);

RECORD Customerrecord IS
Cust_Name : Customer_name_domain;
SSN : SSNdomain;
Street : Addr_domain;
City : Citydomain;
State : Statedomain;

END customer_record;

END d.ctl5;

WITH dctlS1
USE d-ctl5;
SCHEMA MODULE sctlS IS

-- Basic customer information

V. TABLE Cust IS
Cust_NAme : Customer_name_domain,
"SSN not null SSN.domain,
Streetaddr : Addr_domain,

L City-addr : Citydomain,
Stateaddr : Statedomain

END cust;

-- Savings account

Intermetrics, Inc. 73



SA~eDL Development Environment - Test Plan

TABLE Save IS
branch_num branch_num_domain,
acct~num not null :acct_num,_domain,
Balance :Balance_domain,
cust-ssn not null :SSN_domain

END Save;

END s_ctlS;

WITH d-ctl5;
USE d-ctl5;
ABSTRACT MODULE a_ctlS IS.

AUTHORIZATION s~ctl5

RECORD customer~record..minus is
Cust_NAme :Customer..name_domain;
SSN :SSN~domain;
City :City...domain;
State :State-domain;

END customer_record~jninus;

PROCEDURE New_customer IS
INSERT INTO

s_ctlS.cust (Cust...Nanle, SSN, Street_Addr, City.-.,addr,
State_addr)

FROM
Newg_customer-info :new c_record

VALUES;

PROCEDURE Newý_customerl IS
INSERT INTO

s_ctlS.cust (Cust...Nanie, SSN, Street_addr, City..addr,
State_..addr)

FROM
Newý_customer_info

VALUES (CustName, SSN, Street_addr, City...Addr, State_addr);

PROCEDURE New_customer2 IS
INSERT INTO

s_ctlS.cust (Cust...Nalne, SSN, Street~addr; Cityaddr,
State_addr)

FROM
New_customer_info2

VALUES (CustName, SSN, NULL, City-addr, State-addr);

PROCEDURE New-customer3 IS
INSERT INTO

s_ctlS.cust (Cust...Name, SSN, Street_addr, City..addr,
State_addr)

FROM
New_customer_info3

VALUES (Cust-Name, SSN, '11261 Col Pike', City-addr,
State_addr);

PROCEDURE New-customer4 IS
INSERT INTO
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s_ctlS.cust (Cust_Name, SSN, Street_addr, City.addr,
State.addr)

FROM : new rowtypel
VALUES;

PROCEDURE Newcustomer5 IS
INSERT INTO

s_ctl5.cust (CustName, SSN, Streetaddr, Cityaddr,
State.addr)

FROM : new row._type2
VALUES (CustName, SSN, Street_addr, City-addr, Stateaddr);

PROCEDURE New_customer6 IS
INSERT INTO

s_ctl5.cust (CustName, SSN, Street_addr, Cityaddr,
State._,addr)

FROM : new row._type3
VALUES (CustName, SSN, NULL, Cityaddr, State_addr);

PROCEDURE New_customer7 IS
INSERT INTO

s_ctl5.cust (CustName, SSN, Streetaddr, City addr,
State-addr)

FROM : new row type4
VALUES (CustName, SSN, '11261 Col Pike', Cityaddr,

State.addr);

PROCEDURE New_customer8 IS
INSERT INTO

s_ctl5.cust (Cust-Name, SSN, Street addr, Cityaddr,
State_addr)

FROM : new row type5
VALUES (CustName, SSN, NULL, City.addr, Stateaddr);

END a-ctl5;

A.1.25 tl/ctl6.sme

definition module dcta6 is
-- Member Information
domain MemName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONASINT

MAP => POS, ENUMERATION => SexEnum);

Sdomain Phone is new SQLSHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

constant CName : MemName is 123456789012345678901234567890';
constant CSSN : SSN is '1234567891;
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constant C_Club_Number : Club_Number is 10;
constant CAge : Age is 39;
constant C_Sex : Sex is F;
constant C_Phone : Phone is '12345678';
constant CStreet : Street is '123456789012345678901234567890';
constant CCity : City is '1234567890123451;
constant CCounty : County is 'MO';

end dctl6;

with d ctl6; use d_ctl6;
schema module RecDB is

table Members is
MemberName not null MemName,
MemberSSN not null SSN,
ClubNumber not null Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end RecDB;

with dctl6; use dctl6;
abstract module actl6 is

authorization RecDB

record MemberRec named Named_MemberRec is
-- record MemberRec is

R_MemberName : MemName;
R_MemberSSN : SSN;
R_ClubNumber : ClubNumber;
R_MemberAge : Age;
R_MemberSex : Sex;
R_MemberPhone : Phone;
R_MemberStreet : Street;
R_MemberCity : City not null;
R_MemberCnty : County

end;

cursor MemberSelect2 (Req_MemberSSN named ReqMemberSSN SSN) for
select

MemberName named NS_MemberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NSMemberStreet Not Null,
MemberCity,
MemberCnty

from RecDB.Members
where RecDB.Members.MemberSSN = ReqMemberSSN

UNION
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select
MemberName named NSjMemberName,
MemberSSN,
ClubNumber,
Membe rAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NS_MemberStreet Not Null,
MemberCity,
MemberCnty

from RecDB.Members
where RecDE.Members.MemberSSN = ReqMemberSSN

UNION
select

MemberName named NS_MemberName,
MenmberSSN,
ClubNumber,
MemberA~e,
MemberSex,
MemberPhone Not Null,
MemberStreet named NSjMemberStreet Not Null,
MemberCity,
MemberCnty

from RecDB.Members

T ~where RecDB.Members.MemberSSN = Req-MemberSSN
UNION
select

MemberName named NS_MemberName,
MemberSSN,
ClubNumber,
Membe rAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NS_MemberStreet Not Null,
MemberCity,
MemberCnty

from RecDB.Menibers
where RecDB.Members.MemberSSN = RecLMemb~erSSN;

is
procedure Fetchlt is

-- fetch into Rowý_Name :MemberRec;
-- fetch into :MemberRec;
-- fetch into Row-Name;

fetch ;
-- fetch into Rowý_Name :new New...Row....Type;
-- fetch into :new New_-Row...Type;

end MemberSelect2;

V end a~ctl6;

A.l.26 t3/tlsme

L definition module t-4 is
-- Member Information

domain MemberName is new SQLSCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQL_.SMALLINT (FIRST => 1, LAST => 199);
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enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONASINT

Enumeration => SexEnum,
Map,=> Pos);

domain Phone is new SOL_CHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQL_.CHAR (Length => 15);

domain County is new SQLSCHAR Not Null (Length => 2);

domain Club_Number is new SQL_SMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLoggedIn, SQk._Ok, SQLFail);

status fetchmap named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => Not_Logged.In,
0 => SQLOk,

100 => raise recordnot_found);

status bool-map uses boolean is
(100=>true, 0=>false);

end t_4;

with t_4; use t_4;
schema module s_4 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;
end s_4;

with t_4; use t_4;
abstract module a_4 is

authorization s_4

record memberec2 named insertrec is
MemberName : MemberName;
MemberSex : Sex not null;

end memberec2;

record memberec3 is
junk dblength named nameind : MemberName;
MemberSex : Sex;

end memberec3;

record memberec is
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MemberName :MemberName;
MemberSex :Sex;

end memberec;

procedure DeleteMemberi ( Input_name membername) is
delete from members
where Membername = Input-Name
status bool-map;

procedure DeleteMember2 ( Input_name membername) is
delete from members
where Membername = InputName
status bool_jmap named delete~status;

procedure DeleteMember3 ( Input-name membername) is
delete from members
where Membername = Input_.Name
status fetch~jnp;

procedure DeleteMember4 ( Input_name membername) is
delete from members
where Membername = Input...Name
status fetch...map named delete~status;

is procedure DeleteMemberS ( Input_name named DeleteM4e :membername)

delete from members
where Membername = InputName
status bool~jmap;

procedure SelectMemberl is
select membersex not null, inembername from s_4.Members;

procedure MemberlnsertO is
insert into s_4.Members Values;

procedure Memberlnsertl is
insert into s_4.Members (membername, membersex) Values;

procedure Memberlnsert2 is
insert into s_4.Members (Membername named myname, membersex

named
mysex not null) Values;

procedure Member~Insert3 is
insert into s_4 .Members (Membername named myname, membersex

named
mysex) Values (membername,membersex);

procedure Meinberlnsert4 is
insert into s_4.Members (Membername named junk, membersex)

from :memberec3 Values (membername,membersex);

procedure MemberlnsertS is
insert into s-.4.Members (Membername ,membersex

from the-row :inemberec Values (membername,meinbersex);

procedure Memberlnsert6 is
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insert into s_4.Members (Membername named myname, mernbersex
named

mysex) from the_row Values (membername,membersex);

procedure Memberlnsert7 is
insert into s_4.Members (Membername named myname, membersex

named
mysex) from :new rec7 Values (membername,membersex);

procedure Memberlnsert8 is
insert into s_4.Members (s_4.members.Membername , membersex

named
mysex) from thexrow :new rec8 Values (membername,membersex);

procedure Memberlnsert9 is
insert into s_4..Members (Membername, membersex)

from zmemberec2 Values (membe'-name,membersex);

procedure MemberlnsertlO is
insert into s-4.Members (s...4.members.Membername , membersex

from the-row :memberec2 values (membername,rnembersex);

procedure Memberlnsert~l is
insert into s_4.Mexnbers (Membername named myname, menmbersex

named
mysex) from :new recll Values (mernbername,membersex);

p rocedure Memberlnsertl2 is
insert into s_4.Members (Membername named myname, clubnumber

named
mycounty) from the_row :new rec12 Values (membername,clubnuznber);

cursor MemberSelect (Req-MemberSSN SSN) for
select s_4.members.membernazne ,membersex named mysex,

clubnumber * 6 named club,
memberssn named myssn

from s_4.Mernbers
where memberssn = RecLMemberSSN;

cursor MemberSelect2 (ReqMemberSSN named myssn :SSN) for
select s_4.members.membername named junk dblength named nameind,

membersex
from s_4.Members
where memberssn = Req...MemberSSN;

is
procedure Fetchlt is

fetch into :memberec3
status standardmap

procedure updateit is
update members
set s_4.members.membersex = null
where current of memberselect2;

end MemberSelect2;

end a_4;
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A.1.27 t3/t2.sme

definition module t-10 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);

* domain Age is new SQL_SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLE&JMERATION_ASINT

Enumeration => SexEnum,
Map => Pos);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (Not_LoggedIn, SQLOk, SQLFail);

status fetch_map named is_found uses Failtype is
( -999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise recordnotfound);

status boolmap uses boolean is
(100=>true, 0=>false);

end t-10;

with t_10; use t_10;
schema module s_10 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity :*City,
MemberCnty not null County

end Members;

end s_10;

with t_10; use t_10;
abstract module a_10 is

authorization s-10

record memberec2 named insertrec is
MemberName MemberName;
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MemberSex Sex not null;
end memberec2;

record memberec3 is
junk dblength named nameind MemberName;
MemberSex : Sex;

end memberec3;

record memberec is
MemberName : MemberName;
MemberSex : Sex;

end memberec;

cursor MemberSelect2 (Req_MemberSSN named myssn SSN) for
select s_10.members.membername named junk dblength named

nameind,
membersex

from s_10.Members
where memberssn = ReqMemberSSN

union
select members.membername named junk dblength named nameind,

membersex
from s_10.Members;

is
procedure FetchIt is

fetch into :memberec3
status standard_map

procedure updateit is
update members
set s_10.members.membersex = null
where current of memberselect2;

end MemberSelect2;

end a_10;

A.1.28 t3/t3sme

definition module t-11 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

ENUMERATION => SexEnum, Map => POS);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception RecordNotFound;
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enumeration FailType is (NotLogged_In, SQLOk, SQL_Fail);

status fetch_map named is-found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQL_Ok,

100 => raise record_not_found);

end t11;

with t-11; use t_11;
schema module s_11 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end s-11;

with t-11; use t_11;
abstract module a_11 is

authorization s_11

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club-Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

cursor MemberSelect (ReqMemberSSN SSN) for
select MemberSSN, MemberName
from s_ll.Members as tl

where tl.MemberSSN = '012345678';

. end a_11;

A.1.29 t3/t4.sme

definition module t_8 is
-- Member Information
domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
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domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONAS.INT

Enumeration => SexEnum,
Map => Pos);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLoggedIn, SQLOk, SQL_Fail);

status f_map named is_found is
100 => raise recordnot-found);

status fetchmap named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, .- 298 => NotLogged._In,
0 => SQLOk,

100 => raise record_not_found);

status boolmap uses boolean is
(100=>true, 0=>false);

end t_8;

with t_8; use t_8;
schema module s_8 is

- - table mytable is
-- unique(ssn)
-- end mytable;

table Members is
MemberName char(30) default 'jennifer' not null primary key:

MemberName,
MemberSSN character default user not null SSN,
ClubNumber int not null : Club_Number,
MemberAge references mytable : Age,
MemberSex check(MemberSex <> f) Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null unique : County,

foreign key (memberAge,membername) references anothertable
(age,mname),

primary key (memberssn),
unique (membername,memberphone),
check (membercnty <> 'PG')

end Members;
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grant all privileges on jc.anothertable to jc, gdt, am with grant
option;

grant select, insert, delete on informix.customer to jc;

end s_8;

with t_8; use t_8;
abstract module a_8 is

authorization s_8

record memberec2 named insertrec is
MemberName : MemberName;
MemberSex : Sex not null;

end memberec2;

record memberec3 is
junk dblength named nameind MemberName;
MemberSex : Sex;

end memberec3;

record memberec is
MemberName : MemberName;
MemberSex : Sex;

end memberec;

procedure DeleteMemberl ( Input...name membername) is
delete from members
where Membername = Input_Name
status bool_map;

procedure DeleteMember2 ( Input-name : membername) is
delete from members
where Membername = InputName
status bool_map named delete_status;

procedure DeleteMember3 ( Inputname membername) is
delete from members
where Membername = InputI4ame
status fmap;

procedure DeleteMember4 ( Inputname membername) is
delete from members
where Membername = Input_Name
status fetch_map named deletestatus;

procedure DeleteMemberS ( Input-name named DeleteMe membername)I is
delete from members
,here Membername = InputName

, status bool_map;

L" procedure SelectMemberl is
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select membersex not null, meinbername from 9_8.Members;

procedure MemberlnsertO is
insert into s-S.Members Values;

procedure MemberInsert 1 is
insert into s_8.Members (membername, membersex) Values;

procedure Mernberlnsert2 is
insert into s_8.Menibers (Membername named myname, membersex

named
mysex not null) Values;

procedure Memberlnsert3 is
insert into s_8.Menibers (Membername named myname, membersex

named
xnysex) Values (membername,membersex);

procedure Memberlnsert4 is
insert into s_8.Members (Membername named junk, membersex)

from :memberec3 Values (memberna~me,membersex);

procedure MemberInsert S is
insert into s_8.Members (Membername , membersex

from the-r.ow :memberec Values (membername,membersex);

procedure Memberlnsert6 is
insert into s_8.Members (Membername named myriame, membersex

named
mysex) from the_row Values (membername,membersex);

procedure Memberlnsert7 is
insert into s_8.Members (Membername named myname, membersex

named
mysex) from :new rec7 Values (membername,membersex);

procedure Memberlnsert8 is
insert into s_8.Members (s8S.members.Membername', m~embersex

named
mysex) from the-row new rec8 Values (membername,membersex);

procedure Meniberlnsert9 is
insert into s_8.Members (Membername, inembersex)

from :memberec2 Values (membername,membersex);

procedure MemberlnsertlO is
insert into s_8.Members (s-8.members.Membername , membersex

from the-r.ow :memberec2 Values (membername,membersex);

procedure Memberlnsertll is
insert into s_8.Members (Membername named myname, membersex

named
mysex) from :new recll Values (membername,membersex);

procedure Meniberlnsertl2 is
insert into s_8.Menubers (Membername named myname, clubnumber

named
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mycounty) from therow : new recl2 Values (membername,clubnumber);

cursor MemberSelect (Req_MemberSSN SSN) for
select s_8.members.membername , membersex named mysex,

clubnumber * 6 named club,
memberssn hamed myssn

from s_8.Members
where memberssn = a_8.memberselect.Req._MemberSSN;

cursor MemberSelect2 (ReqMemberSSN named myssn : SSN) for
select s_8.members.membername named junk dblength named nameind,

membersex
from s_8.Members

where memberssn = Req_MemberSSN;
is

procedure FetchIt is
fetch into :memberec3

status f.jnap

procedure updateit is
update members
set s_8.members.membersex = null
where current of memberselect2;

end MemberSelect2;

end a_8;

A.1.30 t3/t5.sme

definition module t_9 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum,
Map => Pos);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLoggedIn, SQLOk, SQL_Fail);

status fetchmap named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedlIn,
0 => SQLOk,

100 => raise record_notfound);
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status bool_map uses boolean is
(100=>true, 0=>false);

end t-9;

with t_9; use t_9;
schema module s_9 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club-Number,
MemberAge Age,
MemberSex Sex,
MemberPhone Phone,
MemberStreet Street,
MemberCity City,
MemberCnty not null County

end Members;

end s9;

with t-9; use t-9;
abstract module a_9 is

authorization s_9

record memberec2 named insertrec is
MemberName : MemberName;
MemberSex : Sex not null;

end memberec2;

record memberec3 is
junk dblength named nameind MemberName;
MemberSex : Sex;

end memberec3;

record memberec is
MemberName : MemberName;
MemberSex : Sex;

end memberec;

procedure DeleteMemberl ( Input-name membername) is
delete from members
where Membername = Input.Name
status bool_map;

procedure DeleteMember2 ( Inputname membername) is
delete from members
where Membername = Input_Name
status bool-map named deletestatus;

procedure DeleteMember3 ( Input.name : membername) is
delete from members
where Membername = InputName
status fetchmap;

procedure DeleteMeniber4 ( Input name : membername) is
delete from members
where Membername = Input-Name
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status fetch~juap named delete...status;

procedure DeleteMemberS Input-name named DeleteMe membername)
is

* delete from members
where Membername = InputName
status bool_map;.

procedure SeleetMemberi is
select membersex not null, merubername from s_9.Members;

procedure MemberlnsertO is
insert into s_9.Members Values;

procedure Memberlnsertl is
insert into s_9.Members (membername, membersex) Values;

procedure Memberlnsert2 is
insert into s_9.Members (Membername named myname, membersex

named
mysex not null) Values;

procedure Memberlnsert3 is
insert into s_9.Members (Membername named myname, membersex

named
mysex) Values (membername,membersex);

procedure Memberlnsert4 is
insert into s_9.Meznbers (Membername named junk, menibersex)

from :memberec3 Values (membername,membersex);

procedure MeniberInbert5 is
insert into s_9.Members (Membername , membersex

from the-row :memberec Values (membernamne,membersex);

procedure Mexnberlnsert6 is
insert into s_9.Members (Membername named myname, membersex

named
mysex) from the_row Values (membername,mei-abersex);

procedure Membwrinsert7 is
insert into s_9.Members (Membername named myname, membersex

named
mysex) from new rec7 Values (membername,menibersex);

procedure Memberlnsert8 is
insert into s_9..Members (s...9.members.Mernberna~me , znexbersex

named
mysex) from the_row: new recS Values (membername,membersex);

procedure Memberlnsert9 is
insert into s_9.Members (Membername, membersex)

from :memberec2 Values (membername,rnembersex);

procedure MeinberInsertlO is
insert into s_.9.Members (s_9.members.Membername , inembersex

from the-row memberec2 Values (membername,rnembersex);
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procedure MemberInsertll is
insert into s_9.Members (Membername named myname, membersex

named
mysex) from : new recll Values (membername,membersex);

procedure MemberInsertl2 is
insert into s_9.Members (Membername named myname, clubnumber

named
mycounty) from the_row : new recl2 Values (membername,clubnumber);

cursor MemberSelect (Req_MemberSSN SSN) for
select s_9.members.membername , membersex named mysex,

clubnumber * 6 named club,
memberssn named myssn

from s_9.Members
where memberssn = a_9.memberselect.ReqMemberSSN;

cursor MemberSelect2 (Req.MemberSSN named myssn : SSN) for
select s_9.members.membername named junk dblength named nameind,

membersex
from s_9.Members

where memberssn = ReqMemberSSN
union

select s_9.members.membername named junk dblength named nameind,
membersex

from s_9.Members;
is

procedure FetchIt is
fetch into :memberec3

status standard_map

procedure updateit is
update members
set s_9.members.membersex = null
where current of memberselect2;

end MemberSelect2;

end a_9;

A.1.31 t3/t6.sme

definition module t_12 is
-- Member Information
domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATIONASINT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLSCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQL-SMALLINT Not Null;
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exception Record_Not_Found;

enumeration FailType is (NotLogged_In, SQL_Ok, SQLFail);

status fetch-map named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise record_not_found);

end t_12;

with t-12; use t-12;
schema module s_12 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

table Members2 is
MemberName not null MemberName,
MemberSSN not null SSN,
ClubNumber not null ClubNumber

end Members2;

end s-12;

with t_12; use t-12;
abstract module a_12 is

authorization s_12

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge t Age;
MemberSex : Sex;
MemberPhone : Phone;

* MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

cursor MemberSelect (Req_MemberSSN SSN) for
select MemberSSN, s_12.Members.Membername
from s_12.Members

where MemberSSN = (select MemberSSN
from Members2
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where s_12.members2.membername = 'John');

end a_12;

A.1.32 t3/t7.sme

definition module t_13 is
-- Member Information
domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATION_ASINT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SOLCHAR tot Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLoggedIn, SQLOk, SQL_Fail);

status fetchmap named is_found uses Failtype is
-999 .. -300 => SQL_Fail,"

-299, -298 => NotLogged_In,
0 => SQL_Ok,

100 => raise recordnot_found);

end t_13;

with t_13; use t-13;
schema module s_13 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number

end Members2;

end s_13;
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with t_13; use t_13;
abstract module a_13 is

authorization s-13

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club._Number;
MemberAge : Age;
MemberSex :-Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

cursor MemberSelect (Req_MemberSSN SSN) for
select MemberSSN, Members.Membername
from s_13.Members

where MemberSSN = (select MemberSSN
from Members2
where s_13.members2.membername = 'John');

r end a_13;

A.1.33 t3/t8hsme

definition module t_14 is
"-- Member Information

domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQL_.CHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length'=> 2);

domain Club_Number is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLoggedIn, SQLOk, SQLFail);

"L" status fetch_map named isfound uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise recordnotfound);

L. end t_14;
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with t_14; use t_14;
schema module s_14 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number

end Members2;

end s_14;

with t_14; use t-14;
abstract module a_14 is

authorization s_14

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : ClubNumber;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

cursor MemberSelect (ReqMemberSSN SSN) for
select MemberSSN, Members.Membername
from s_14.Members

where MemberSex = (select MemberSex
from Members
where s_14.members.membersex =

t_14.f );

end a_14;

A.1.34 t3/t9.sme

definition module t_15 is
-- Member Information
domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);
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enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONASINT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQLCHAR (Length => 8);
"domain Street is new SQLCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLoggedIn, SQLOk, SQLFail);

status fetch_map named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLogged.In,
0 => SQLOk,

100 => raise recordnot_found);

end t_15;

: 4 with t_15; use t_15;
schema module s_15 is

table Members is
MemberName not null MemberName,
MemberSSN not null SSN,
ClubNumber not null Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end s_15;

with t_15; use t_15;
abstract module a_15 is

authorization s_15

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;

" MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;

u MemberCity : City;
MemberCnty : County;

end;
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procedure CommitWork is
commit work;

procedure MemberInsert is
insert into s_15.Members
from Row : MemberRec VALUES;

cursor MemberSelect (ReqMemberSSN SSN) for
select *
from s_15.Members

where s_15.Members.MemberSSN = ReqMemberSSN;
is

procedure FetchIt is
fetch into Row : new MemberRec

status FetchMap named Rec_Status;

end MemberSelect;

end a_15;

A.1.35 t3/tlO.sme

definition module t_5 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL-CHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATION_ASINT

Enumeration => SexEnum, Map => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLoggedIn, SQL_Ok, SQLFail);

status fetchmap named is_found uses Boolean is
-999 .. -300 => False,

0 => True,
100 => raise recordnotfound);

end t-5;

with t-5; use t_5;
schema module s_5 is

table Members is
MemberName not null MemberName,
MemberSSN not null SSN,
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ClubNumber not null ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end s-5;

with t_5; use t_5;
abstract module a_5 is

authorization s-5

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber Club_-Number;
MemberAge Age;
MemberSex Sex;
MemberPhone Phone;
MemberStreet Street;
MemberCity City;
MemberCnty County;

end;

procedure CommitWork is
commit work;

procedure MemberInsert is
insert into s_5.Members
from Row : MemberRec VALUES;

cursor MemberSelect (Req_MemberSSN SSN) for
select *
from s_5.Members

where s_5.Members.MemberSSN = ReqMemberSSN;
is

procedure FetchIt is
fetch into Row : new MemberRec

status Fetch_Map named Rec_Status;

end MemberSelect;

end a-5;

A.1.36 t3/tl.sme

P definition module t_6 is
-- Member Information
domain MemberName is new SQLSCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT
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Enumeration => SexEnum, Map => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain Club_Number is new SQL_SMALLINT Not Null;

exception RecordNotFound;

enumeration FailType is (NotLoggedIn, SQLOk, SQLFail);

status fetchmap named is_found uses Boolean is
-999 .. -300 => False,

0 => True,
100 => raise record_not_found);

end t_6;

with t_6; use t_6;
schema module s_6 is

table-Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end s_6;

with t_6; use t_6;
abstract module a_6 is

authorization s_6

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

procedure CommitWork is
commit work;
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procedure MemberInsert is
insert into s_6.Members
from Row : MemberRec VALUES;

cursor MemberSelect (ReqMemberSSN SSN) for
select *
from s_6.Members

where s_6.Members.MemberSSN = RecL_MemberSSN;

end a-66;

A.1.37 t3/tl2sme

*** Test I

DEFINITION MODULE D_cI IS

-- the previous line tests the newline separator

-- testing full character set

DOMAIN Charactersetdomain IS
NEW SQLCHAR(length => 43);

CONSTANT letters : character_set_domain
IS 'the quick brown fox jumps over the lazy dog';

CONSTANT allcaps : character_set_domain
IS 'THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG';

CONSTANT digitas_char : Characterset_domain
IS '1234567890';

CONSTANT digits.as_num
IS 1234567890;

DOMAIN integerdomain IS
NEW SQLINT;

DOMAIN real_domain IS
NEW SQLREAL;

CONSTANT integerliteral integerdomain
"IS (12-4+5*2);

CONSTANT realliteral : real_domain
Is 12.456/.09 + 1.

CONSTANT float_literal
IS (0.1El) + (10.E-1) + ( .lE+I)

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

DOMAIN Loantypedomain IS
NEW SQL_ENUMERATIONASCHAR
(ENUMERATION => Loantypes, MAP => IMAGE);

"CONSTANT personalloan loan-typedomain
IS personal

END D_cI;
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A.I IS t3/tl3sme

definition module t_16 is
-- Member Information
domain MemberName is new SQLSCHAR Not Null (Length => 30);
domain SSN is new SQL_ .HAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATION_ASINT

Enumeration => SexEnum, MAp => pos);

domain Phone is new SQLSCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLogged.In, SQLOk, SQLFail);

status fetch_map named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLogged.In,
0 => SQL_Ok,

100 => raise recordnot_found);

end t_16;

with t_16; use t_16;
schema module s_16 is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge Age,
MemberSex Sex,
MemberPhone Phone,
MemberStreet Street,
MemberCity City,
MemberCnty not null County

end Members;

end s_16;

with t_16; use t_16;
abstract module a_16 is

authorization s_16

record MemberRec is
MemberName MemberName;
MemberSSN SSN;
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ClubNumber : ClubNumber;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;

e MemberCnty : County;
- end;

cursor MemberSelect (ReqMemberSSN SSN) for
select tl.MemberSSN, t2.MemberName
from s_16.Members as tl, s_16.Members as t2

where tl.MemberSSN = t2.MemberSSN;

end a16;

A.1.39 t3/tl4.sme

L definition module t_7 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
elomain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum,
Map => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQLSCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain Club_Number is new SQL SMALLINT Not Null;

exception Record_Not_Found;

enumeration FailType is (NotLoggedIn, SQL_Ok, SQLFail);

status fetch_map named isfound uses Failtype is
-999 .. -300 => SQL_Fail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise recordnotfound);

status bool_map named notfound uses boolean is
(100=>true, 0=>false);

end t_7;

A.2 End-to-End Tests

The end-to-end tests are comprised of the SAMeDL file t2.sme and the Ada application program
file driver.a. Also included for convenience are the database schema files initbank.sql and
initisql used for initially setting up the database.
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A.2.1 t2/t2.sme

DEFINITION MODULE Bank_def IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loan types IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_namedomain IS
NEW SQL_CHAR(length => 15);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 15);

DOMAIN City-domain IS
NEW SQLCHAR(length => 15);

DOM:AIN State-domain IS
NLW SQL_CHAR(length => 2);

-- domain integer declarations

DOMAIiý SSN_domain IS
NEW SQLINT NOT NULL ( FIRST => 0, LAST => 999999999);

DOMAIN acctnum_domain IS
NEW SQLSMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

-- domain real declarations

DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interest_ratedomain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loan-payment.domain IS
NEW SQLREAL;

DOMAIN Branchassets_domain IS
NEW SQLREAL;
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-- domain enumeration declarations

DOMAIN Loan~type-domain IS
NEW SQL-ENUMERAT IONAS-int
(ENUMERATION => Loan_types. MAP => POS);

DOMAIN branch_num-domain IS
NEW SQL...ENUMERATIONAS_INT
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer-record IS
Cust_Name :Customer_name_domain;
SSN :SSNý_domain;

* Street :Addr~domain;
City :City-dbmain;
State :State_domain;

END customer_record;

RECORD New_-Customer_record IS
NewName :Customer name domain;
New,_SSN SSN-domain;
Newý_Street :Addr-domain;
Newý_City :City-domain;
New _State :State _domain;

END new_customer~record;

RECORD FetchCustomer_record IS
BankCustCust_Name :Customer-name-domain;
Bank_Cust_SSN :55WN_domain;
BankCust_Street_Addr :Addr~domain;
BankCust_.CityA~ddr :City__domain;
BankCust_StateAddr :State_domain;

END fetch-customer-record;

RECORD Savings-entry IS
branch-num :branch-numý_domain;
acct_num acct_nuxn_domain;
Balance Balance_domain;
cust-ssn :SSN_domain;

END Savings~entry;

RECORD Chequeing~entry IS
branch_nurn: branch_numr_domain;
acct-lum : acct_numrLdomain;
Balance :Balance-domain;
cust-ssn :SSN-domain;

END Cheque ing~entry;

RECORD loan-entry IS
branch-nuin branch_num__domain;
acct-nuxn acct-num-domain;
Balance Balance domain;
Loan_type Loan...type_domain;
cust-ssn 55W-domain;

END loan..entry;
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RECORD Branchentry IS
branch~num :branch~num...domain
Assets Branch._assets_domain;

END Branch-entry;

RECORD newý_Branch_entry IS
nuxn : branch-nuirndomain
Assets :Branch_..assets_domain;

END newý_Branch._entry;

ENUMERATION sql--enuxn IS (SQL-Found, SQL...NotFound, SQLError);
STATUS fail_type NAMED Is_Found USES sql~enum IS

(-999. .-l => SQLError,
0 => SQL..yound,
100 => SQL_NotFound);

END Bank...def;
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WITH Bank_def;
USE Bankdef;
SCHEMA MODULE Bank IS

-- Basic customer information

TABLE Cust IS
Cust_Name : Customer_name_domain,
SSN not null : SSN_domain,
Street_addr : Addr...domain,
Cityaddr : City-domain,
State_addr : Statedomain

END cust;

-- Checking account

TABLE cheque IS
branchnum : branchnum_domain,
acct_num not null : acct_num_domain,
Balance : Balance_domain,
custssn not null : SSNdomain

END cheque;

-- Savings account

TABLE savings IS
branch_num branchnum domain,
acct_num not null ; acct_num_domain,
Balance Balance_domain,
cust-ssn not null SSNdomain

END savings;

-- loan account

TABLE loan IS
branch_num: branchnum_domain,
acct-num not null : acct_num_domain,
Balance : Balancedomain,
Loantype loan.typedomain,
custssn not null : SSN_domain

END loan;

-- Branch information

TABLE Branch IS
num branchnumdomain
Assets Branchassetsdomain

END Branch;

* END Bank;
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WITH Bank_.def;
USE Bankdef;
EXTENDED ABSTRACT MODULE Bank.proc IS

AUTHORIZATION Bank

-- procedures

- - commit statement

PROCEDURE Commit_work .IS
COMMIT WORK;

-- delete statement

PROCEDURE Delete-customerloan
(loan_number_in : acctnum_domain) IS

DELETE FROM
Bank.Loan

WHERE
Bank.Loan.acctnum = loannumber-in;

-- rollback statement

PROCEDURE rollback_work IS
ROLLBACK WORK;

-- update statement

PROCEDURE Upsaveacct_bal
(acct_num_in acctnum_domain;
transaction balance_domain

IS
UPDATE

Bank.savings
SET

Bank.savings.balance =
Bank.savings.balance + transaction

WHERE
Bank.savings.acctnum = acctnumlin;

PROCEDURE Sand_L IS
UPDATE

Bank.Loan
SET

Bank.Loan.balance = 0.0;

-- insert statement (query)

PROCEDURE move-cheque_tosave
(accountnumin : acct_numk_domain)

IS
INSERT INTO

Bank.savings
SELECT *

FROM
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Bank cheque
WHERE

Barik.cheque.acct_num >= account_nurnj~n;
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-- insert statement (values)

-- select statement

PROCEDURE Get-cust_profile (SSNl_in SSNdomain) IS
SELECT *
INTO

CustomerProfile : customerrecord
FROM

Bank.cust
WHERE

Bank.cust.SSN = SSNin;

-- insert statement (values)

-- select statement

PROCEDURE Getsaverecord
(acct_num_in acct_num_domain) IS

SELECT *
INTO

savings-record savings entry
FROM

Bank.savings
WHERE

Bank.savings.acctnum
acct nurm_in;

-- cursors

-- cursors with different predicates in the WHERE statement

-- comparison predicate =

CURSOR customeraccounts(SSN_in SSNdomain) FOR
SELECT

Bank.savings.cust_ssn,
Bank.savings.acct_num,
Bank.savings.balance

FROM
Bank.savings

WHERE
Bank.savings.custssn = SSNj_in

-- comparison predicate >=

CURSOR loans-over(loanbalancein balance-domain) FOR
SELECT

Bank. Loan.acct-num,
Bank. Loan.branchnum,
Bank. Loan.cust-ssn,
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Bank. Loan .balance
FROM

Bank .Loan
* WHERE

Bank.Loan.balance >= loan_balance..in;

-- comparison predicate <=

CURSOR loans_under(loan_balance_in balance_-domain) FOR
SELECT

Bank.Loan.acct_nun,
Bank. Loan. branch..num,
Bank.Loan.cust-ssn,
Bank. Loan. balance

FROM
Bank .Loan

WHERE
-- ~Bank.Loan.balance <= loan_balance...in;

-- comparison predicate >

-~CURSOR cheque...bal-over ( account-bal-in, Balance--domain )FOR
SELECT

Bank. cheque. acct...nuxn,
Bank. cheque .ba lance

L FROM
Bank .cheque

WEEBank.cheque.balance > account-bal...in

-- comparison predicate <

CURSOR save_bal...ýunder ( account_bal_in Balance_domain )FOR
SELECT

Bank. savings .acct...num,
Bank. savings .balance

FROM
Bank. savings

WHERE
Banik.savings.balance < account_bal~in

-- comparison predicate <>

CURSOR other-branches
branch_num-in branch~nunrk_domain )FOR

SELECT
Bank. Branch .num

FROM
Bank.Branch

WHERE
Bank.Branch.num <> branch~nun-in

-- between predicate

V -- CURSOR large..deposits

lower-bound :balance-domain; upper_bound :balance-domain) FOR
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SELECT
FROM

Bank. savings
WHERE

Bank. savings .balance
BETWEEN lower_bound

AND upper-..bound

-- not between predicate

CURSOR large-loans
(lower-bound :balance_domain; upper...bound :balance-domain) FOR

SELECT
Bank. Loan. acct-num,
Bank.Loan.balance,
Bank.Loan.cust,__ssn

FROM
Bank. Loan

WHERE
Bank.Loan.balance NOT BETWEEN lower_bound AND upper~bound

-- like predicate

CURSOR find_customer (naxne..n :customer_name_domain) FOR
SELECT

Bank. cust .cust__name
FROM

Bank. cust
WHERE

Bank.cust.cust-name LIKE name-in
ORDER BY

Bank.cust.cust_name

-- exists predicate/null predicate/subquery/quantified predicate

CURSOR Cust_Null_Count FOR
SELECT

ssn
FROM

Cust tl, Savings t2
WHERE

tl.street_addr IS NULL AND
tl.ssn = t2.cust-ssn AND
t2.balance > SOME (SELECT balance FROM bank.savings) AND
EXISTS (SELECT * FROM loan WHERE loan.cust-ssn=tl.ssn)

-- in predicate

CURSOR Loan count ( ranch_in: branch_.num_domain )FOR
SELECT
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FROM
Bank.Loan

WHERE
Bank.Loan.Branchnum IN (Branchin)

-- cursor procs

CURSOR customer_list FOR
SELECT *

FROM
Bank.cust

IS
PROCEDURE opencustomer IS

OPEN customer_list;

PROCEDURE close_customer IS
CLOSE customerlist;

PROCEDURE fetchcustomer IS
FETCH customerlist
INTO nextcustomer : fetch_customerrecord
STATUS fail-type;

PROCEDURE update_customer (new-street : Addr_domain) IS
UPDATE Bank.cust
SET Bank.cust.streetaddr = newstreet
WHERE CURRENT OF customer_list;

PROCEDURE update_customer_null IS
UPDATE Bank.cust
SET Bank.cust.streetaddr = null
WHERE CURRENT OF customer-list;

PROCEDURE deletecustomer IS
DELETE FROM Bank.cust;

END customer-list;

1.I
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-- procedures and cursors used to initialize the database and
-- verify the contents of tables after test transactions

EXTENDED PROCEDURE ConnectBank is
CONNECT Bank ;

PROCEDURE New_customer IS
INSERT INTO

Bank.cust (cust_name named newname,
ssn named new ssn,
street_addr named new_street,
city_addr named new-city,
stateaddr named new_.state)

FROM
Newcustomer_info : new_customer_record

VALUES;

PROCEDURE New-chequeing IS
INSERT INTO

Bank.cheque
FROM

Newchequeing_info chequeing-entry
VALUES;

PROCEDURE New._savings IS
INSERT INTO

Bank.savings
FROM

New_savingsinfo savings-entry
VALUES;

PROCEDURE Newloan IS
INSERT INTO

Bank.Loan
FROM

Newloan_info loanentry
VALUES;

PROCEDURE Newbranch IS
INSERT INTO

Bank.Branch
FROM

Newbranch_info : new_branch.entry
VALUES (num,assets);

PROCEDURE Deletecustomers IS
DELETE FROM

Bank.cust;

PROCEDURE Delete_chequeing IS
DELETE FROM

Bank.cheque;

PROCEDURE Deletesavings IS
DELETE FROM

Bank.savings;
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PROCEDURE Delete-loans IS
DELETE FROM

Bank.Loan;

PROCEDURE DeleteBranches IS
DELETE FROM

Bank.Branch;

L
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CURSOR List-customers FOR
SELECT *

FROM
Bank.cust

ORDER BY
Bank.cust.SSN

CURSOR List-chequeing FOR
SELECT *

FROM
Bank.cheque

ORDER BY
Bank.cheque.acct_num

CURSOR List-savings FOR
SELECT *

FROM
Bank.savings

ORDER BY
Bank.savings.acct_num

CURSOR List-loans FOR
SELECT *

FROM
Bank.Loan

ORDER BY
Bank.Loan.acctnum

CURSOR Listbranches FOR
SELECT *

FROM
Bank.Branch

ORDER BY
Bank.Branch.num

END Bankproc;

A.22 t2/driver.a

with text_io;
with Bank-def;
with Bankproc;

procedure Testdriver is

use textio;
use Bank_def;
use Bankproc;
use customername.domainops;
use addrdomainops;
use city-domainops;
use statedomain-ops;
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use balance_domain_ops;
use branchassetsdomain ops;

1-- I/O declarations

subtype prompt-length is integer range 1..60;
subtype prompt-line is string (l..promptlengthlast);subtype prompt-index is integer range 1..9;

type testcount is range 1..18;
type promptarray is array(promptindex) of promptline;
beginning : constant string "Beginning SAMeDL T2 test program';
heading : constant string :=

"TEST DESCRIPTION TEST DESCRIPTION';
testlist : constant prompt-array := promptarray'(

(OPTl CT4
"("PT2 CT5
(!PT3 CT6
(OPT4 CT7
(OPT5 CT8""PT6 CT9 "

S"OCTI CT10 "
""CT2 CTII "

"(-CT3 ');
promptl: constant string

"Enter starting test number or A to run entire test set:";
answer: string(l..80):=

t S.

line: prompt_index;
prompt2: constant string : Try again (test letters must be

caps):';
prompt.count : integer range 1. 10 := 1;
length: natural range 0..80;
testnumber : test_count := 1;
found : boolean := false;

database interaction declarations

type customer-index is range 1..16;
type checkingjindex is range 1..14;
type savings-index is range 1..17;
type loan_index is range 1..12;
type branchindex is range 1..4;
type customerrec is

record
name : customernamedomainnotnull;
ssn ssn_domain_not_null;
street : addr_domain_not_null;
city : city-domain_notnull;
state : statedomainnotnull;

end record;

type Savingsrec is
record

acctnum : acctnum_domain_not_null;
balance : balancedomainnotnull;
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cust-ssn ssn-domain_not...null;
branch_nuxn branch~num~..domain_not-null;

end record;

type Checking-rec IS
record

acct-nuin acct_num__domain_not_null;
balance balance-domain_not null;
cust-ssn ssn_domain_notjiull;
branch~nuxn branch...nunL..domain_not..null;

end record;

type loan_rec IS
record

acct-num acct-numL_domain_not_null;
balance balance_domain_not...null;
loan_type loan-type~domain not....null;
cust-ssn ssn-domain-not...null;
branch_num branch_numL_domain_not...null;

end record;

type Branch_rec IS
record

branch_num branch_numL_domain_not~null;
assets branch-assets_domain_not_null;

end record;

type customer~array is array (customer_index) of customer_rec;
type checking....array is array ( 'checking-..index) of checking~rec;
type savings~array is array (savingsjindex) of savings~rec;
type loan_array is array (loanjindex) of loan__.xec;
type branch_array is array (branch-index) of branch_rec;

customers constant customer-array :=customer_array'
(*Scarlett ",l1lllll, "Byrd ', "Potomac

("Smith -,111345678, "North ",*Gaithersburg

(*Glenn 0,123456789,"Sand Hill ","Potomac

("Green ',123546789, "Walnut O,mBethesda

("Brown *,123987654, "Chestnut ",*Alexandria

(*Plum 0,132549876, "Bethesda ",*Bethesda

(*Mustard *,222222222, "Spice *,"Hyattsville
* "Md ),

("Jones *,222345678, "Main ",*Arlington

("Hayes L,333345678, "Bridge ",*Potomac
Ug uMd"),

("Curry -,444345678, "Tree ',*Columbia
',-Md ),

("Lindsay -,555345678, "Park *,OBethesda
N "Md"),

("Turner ".666345678, "Putnam ",'Fairfax
".,Va"),
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("Williams ",777345678, "Nassau ","Gaithersburg
N "Mdo),

(,Adams ",888345678, "Spring ""OSilver Spring

("Brooks 0,987654321,T MSenator .,'Washington

("Johnson 0,999345678,oAlma '", Silver Spring
*,"Md"));

checking...list constant checking-..array checking...array,(
(1, 1000.0,222345678,bethesda),
(2, 50 .0, 111345678,gaithersburg),
(3,50000.0,333345678,potomac),
(4,300.0, 444345678, silver...spring),
(5, 2500 .0, 555345678, bethesda),
(6,500.0,777345678,gaithersburg),
(7, 1500.0,888345678,silver-.spring),
(8,15000.0, 123456789,potomac),
(9, 1250.0, 987654321, bethesda),

(11, 150.0, 123546789,gaithersburg),
(12, 350 .0, 123987654,potomac),
(13, 4500. 0, 132549876,bethesda),
(14,40000.0,222222222,gaithersburg) )

savings-list :constant savings...array :=savings.arrayl
(l0l,3000.0,222345678,bethesda),
(102, 4000 .0, 111345678,gaithersburg),
(103,2000.0,111345678,potomac),
(104, 50.0, 333345678,potomac),
(105, 1500.0,444345678,silver spring),
(106, 500 00 .0, 555345678, bethesda),
(107, 50000 .0, 555345678, silver spring),
(108, 50000 .0, 555345678 ,potomac)
(109, 200 .0, 666345678,gaithersburg),
(110,300.0,777345678,gaithersburg),
(111, 200 .0, 777345678, silver spring),
(112, 4000. 0, 999345678, silver spring),
(113,200.0, 123456789,potomac),
(114,60000.0,987654321,bethesda),
(115, 10000.0, 123546789,bethesda),
(116..50000 .0, 132549876,potomac),
(117, 20 .0, 222222222,gaithersburg) )

loan-list :constant loan...array :=loan..array'(
(201,3000.0,personal,111345678,gaithersburg),
(202,300000.0,mortgage,333345678,potomac),
(203,32000.0,auto,444345678,bethesda),
(204, 150000.0,mortgage, 555345678,bethesda).
(205,1500.0,personal,777345678,gaithersburg),
(206 *1500 .0 ,personal, 999345678, potomac),L (207,50000.0,mortgage,123456789,potomac)I
(208 ,320000 .0 ,mortgage, 987654321, bethesda),
(209,180000.0,mortgage,123546789,bethesda),
(210 ,5000 .0, auto, 123 987 654, potomac),
(2 11, 240000 .0, mortgage, 132 549 876, potomac )
(212,14000.0, auto, 111111111, silver...spring));
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branch-list: constant branch...array : branch....array,
(bethesda, 814250.0),
(silver...spring,71490.0),
(gaithersburg, 49720.0),
(potomac,764100.O));

fetch_results boolean :=false;
test-results :boolean false;
current-test string(1. .4) := *

procedure init_customer_db is

customer-row : customer-index;
next-customer: customer_rec;
newý_cust : newý_customer_record;

begin
init-customer: for customer_row in customer_index loop

next-..customer := customers (customer_row);
assign (new...cust .new_name,with...null (next_customer .naxne));
new._cust.new_ssn := next_customer.ssn;
assign (new...cust .new._street, with~jiull (next_customer. street));
assign (new...cust..new...city,with...null (next-customer, city));
assign (new...cust.new__state,with...null (next_customer.state));
new-customer (new...cust);

end loop mnit_customer;
commit_work;

end mnit-customer__db;

-- procedure verify...customer_db(verified: out boolean) is
function verify...customer_dlb return boolean is

customer-.row : customer_index;
dbý-customer: list-customers.rowý_type;
in_customer: customer-,,rec;
is-same : boolean :=true;

begin
list-customers .open;
check-customer: for customer_row in customer_index loop

list-customers. fetch(dbý-customer, fetch-results);
in-customer := customers(customer-row);
is-..same := is-same and

(db...customer.bank_cust-cust-name
= with-null(in-customer.name)) and

(db...customer.bank_cust-ssn = in_customer.ssn) and
(db...customer.bank_cust_street_addr

-:with_null(in..customer.street)) and
(db...customer .bank_cust-.city...addr

= with_null(in...customer.city)) and
(db-customer.bank_cust_state_addr

= with-null(in...customer.state));
end loop check_customer;

-- verified := is-same;
list-customers.close;
commit...work;
return is_same;
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end yen fy...customer....d;

Procedure init-checking..d~b is
input...entry :checking...rec;
db_entry :chequeing~entry;

checking..row :checking...index;
begin

mnit-checking: for checking...row in checkingjindex loop
input-..entry :=checking-ist(checking...row);
db...entry.acct-num,: input...entry.acct...num;
db....entry.cust_ssn input...entry.cust...ssn;
assign (db...entry.balance , with_null(input-entry.balance));
assign (db...eptry.branch_num,
with-null(input-..entry.branch num));

new-chequeing (db...entry);
end loop init...checking;
coznmit__y.ork;

end mnit_checking...db;

-- procedure verify...checking...db (verified : out boolean )is
function venify...checking-.db return boolean is

checking-.row : checking..index;
dbý_checking: list-chequeing.row...type;
in-checking: checking...rec;
is-same : boolean := true;

* begin
list-chequeing.open;
check_checking: for checking~row in checking..jndex loop

in-checking : checking-jist(checking...row);
list-chequeing. fetch (db...checking, fetch-results);
is-same :=is-same and

(db-checking.bank cheque..acct...num = in_checking.acct_num) and
(db...checking.bank cheque...cust ssn = in-checking.cust-ssn) and
(dbDchecking-bank -cheque~balance = with..null(in-checking.balance))

and
(db:_checking.bank chequebranch_num

* = with~null(inýchecking.branch-num));
end loop check_checking;

-- verified := is-same;
list-chequeing .close;
commit..work;
return is_same;

end verify-checking...db;

j procedure mnit_savings~db is

input-..entry : savings~rec;
dbý-entry :savings...entry;
savings_row :savingsjindex;

begin
mnit_savings: for savings-row in savingsjindex loop

input-entry := savings-list(savings-row);
db~entry.acct-num input~entry.acct...num;
db...entry.cust-ssn :=input-entry.cust-.ssn;
assign (db...entry.balance , with~null (input entry.balance));
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assign (db-entry.branch-num
with-pull (input-.entry.branch...num));

new...savings (db-.entry);
end loop init_savings;
commit_work;

end init-savings...db;

-- procedure verify~savings..db (verified :out boolean )is
function verify...savings...db return boolean is

savings..row :savings~index;
db-..savings: list_savings.row-.type;
in-..savings: savings..rec;
is-same :boolean :=true;

begin
list_savings .open;
check savings: for savings_row in savings-..index loop

in-savings : savings...list(savings~row);
list-savings.fetch(db..savings,fetch_results);
is-same :=is-same and

(db...savings.bank-savings...acct-num = in-savings.acct...num) and
(db...savings.bank-savings..cust-ssn = in-savings.cust...ssn) and
(db-savings.bank-savings-balance = with_null(in-savings.balance))

and
(db...savings.bank-savings...branch_num-

with_null(in-savings.brandh~num));
end loop check_savings;
list-savings.close;
commit_work;
return is_same;

end verify-.savings~db;

procedure mnit_loan_db is

input-..entry :loan~rec;
db~entry : loan_entry;
loan-row : loan-index;

begin
mnit-loan: for loan-r.ow in loan-index loop

input-..entry := loan-list(loan...row);
db-entry.acct_num :=input-entry.acct...num;

db-entry-cust...ssn :=input...entry.cust_ssn;
assign (db...entry.loan-type,

with_null(input..entry.loan~type));
assign (db~entry.balance , with...null(input~entry.balance));
assign (db~entry.branch...num,

with..null (input-entry .branch~num));
new-loan (db-entry);

end loop init-loan;-
commit_work;

end init-loan...db;

-- procedure verify...loan~db (verified.: out boolean )is
function verify-loan_db return boolean is

loan-row : loan~index;
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db-loan: list-loans.row...type;
in-loan: loan...rec;
is-same :boolean := true;

begin
list-loans.open;
check-loan: for loan-row in loan-index loop

in-loan := loan-list(loan...row);
list-loans.fetch(dbjloan.,f etch-results);
is-same := is-same and

(db-loan.bank-loan-acct-num = in_loan.acct_num) and
(db-loan.bank-loan-cust-ssn = in-loan.cust-ssn) and
(db-loan.bank_loan_loan-type = with-null(in-loan.loan-..type)) and
(db-loan.bank-loan-balance = with...null(in-loan.balance)) and
(db...loan .bank-loan-branch-num =with_null (injloan branch~num));
end loop check~loan;
list-loans.close;
conunit...work;
return is_same;

end verify-loan~db;

procedure mnit_branch_db is

input-entry : branch..rec;
db_entry : new-branch-entry;
branch_row : branch..index;

begin
mnit-branch: for branch-row in branch-index loop

input-..entry := branch-list(branch-row);
assign (db~entry.num,

with_null(input...entry.branch~num));
assign (db...entry.assets, with_null(input...entry.assets));
new_branch ( db~entry);

end loop init~branch;
commit..york;

end mnit_branch~db;

-- procedure verify,.branch-db (verified :out boolean) is
function verify_branch_db return boolean is

branch-row : branch-index;
db-branch: list_branches.row-type;
in-branch: branch_rec;
is-same : boolean :=true;

begin
list-branches .open;
check-branch: for branch-row in branch-index loop

in-branch := branch~list(branch-row);
list-branches.fetch(db branch, fetch_results);
is-same := is-same and

(db-branch.bank-branch-num
V ~with-null(in-branch.branch-nurn))

and
(db..branch.bank_branch,_assets=

with~null(in~branch.assets));
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end loop check_branch;
-- verified :=is-same;

list_ýbranches .close;
commit_work;
return is_same;

end verifybranch_db;

procedure PT.... ( results : out boolean) is

-- verify delete procedure

subtype PTl_index is loan_index range 1.-11;
type PTl_...array is array (PTl-index) of loan...rec;
loan-list :constant PT-_,array := PTl-array'

(201,3000.0,personal,111345678,gaithersburg),
(202,300000.0,mortgage,333345678,potomac),
(203 ,32000 .0, auto, 444345678, bethesda),
(204, 150000.O,mortgage, 555345678,bethesda)p
(206,1500.O,personal,999345678,potomac),
(207,50000.O,mortgage,123456789,potomac),
(208, 320000. 0,mortgage, 987654321, bethesda),
(209, 180000.O,mortgage, 123546789,bethesda),
(210,5000 .0,auto, 123987654,potomac),
(211,240000.O,mortgage,132549876,potomac),
(212, 14000.0,auto, lllllllll,silver-.spring));

loan-number : acct-num_domain_not_null :=205;
in_loan : loan_rec;
db,_loan :list_loans.rowý_type;
loan-row :PTl-index := 1;
good-check : booleari :=true;

begin
delete-customer-loan (loan-number);
commit_work;
list_loans.open;
while good-Check and (loan_row < PTl_index last) loop

in_loan :=loanjlist(loan~row);
list-loans.fetch(dbjoan, fetch_results);
good-..check :=good...check and

(db-loan.bank~loan_acct_num = in_loan.acct~num) and
(db_loan.bank_loan_cust_ssn = in_loan.cust...ssn) and
(db_loan.bank~loan-loan~type = with-null(in_loAn.loan~type)) and
(db-loan.bank-loan_.balance = with_null(in~loan.balance)) and
(db-loan.bank -loan_branch_num = with null(in-loan.branch_num));

loan-row := loan-row + 1;
end loop;
list-loans.close;
delete_loans;*
commit-work;
mnit_loan_db;
results := good..check;

end PT...l;

procedure P7...2 (results: out boolean) is

-- verify rollback procedure

begin

delete-customers;
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rol lback...work;
results :=verify-customer...db; --(results);

end PT_2;

procedure PT_3 (results: out boolean) is

-- verify select procedure

SSN : SSN-domain-not-null :=123456789;

in-..profile :customer-rec
(OGlenn *,123456789,"Sand Hill *,Potomac

db-customer :customer-record;

begin
get...cust..profile (SSN, db_customer);
results := (db-customer.cust_name = with...null(in-.profile.name))

and
(db...customer.ssn = in...profile.ssn) and
db-customer.street = with-null(in...profile.street)) and

(db...customer.city =with_null(in...profileicity)) and
(db...customer .state =with_null (in...profile .state))

rol lback..work;
end PT_3;

procedure PT_4 (results: out boolean) is

-- verify update procedure (single row)

acct-nuni acct-num-domain-not null := 103;
transaction : balance-domain-not_null :=100.0;

savings-record : savings-entry;
new-balance : balance-domain...not_null :=2100.0;

begin
Up...save-acct-bal (acct-num, with-null (transaction));
get...save_record (acct..num, savings...record);
results := with...null(new..balance) = savings...record.balance;
rollback_work;

end PT_4;

procedure PT_5 ( results : out boolean ) is

-- verify update procedure (entire table)

loan-record : list-loans.row-type;
zero : balance-domain-not_null := 0.0;
is-zero : boolean := true;

begin
s_and_1;
list-loans.open;
verify : for loan-row in loan_index loop

list-loans. fetch(loan...record, fetch_results);
is-zero := is-zero and (loan...record.bank_loan_balance

= with_null(zero));
end loop verify;
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results :=is-zero;
rollbacký_work;
end pt...5;

procedure PT_6 ( results out boolean )is

-- verify insert procqdure (query)

type PT6_index is range 1.-20;
type PT6_array is array (PT6-index) of savings...rec;
answer-..array :constant PT6_array :=PT6 arrayl'

(12, 350.0, 123987654,potomac),
(13, 4500.0, 132549876.,bethesda),
(14, 40000 .0, 222222222, gaithersburg),
(101, 3000. 0, 222345678,bethesda),
(102, 4000 .0, 111345678,gaithersburg),
(103 ,2000 .0, 1113 45678, potomac )
(104,50.0, 333345678,potomac),
(105, 1500:0,444345678,silver_spring),
(106, 50000 .0, 55534S678,bethesda),
(107, 50000 .0, 555345678, silver...spring),
(108, 50000. 0, 555345678, potomac,
(109,200.0, 666345678,gaithersburg),
(110, 300 .0, 777345678, gaithersburg),
(1ll,200.0,777345.678,silver..spring),
(112,4000.0,999345678,silver_spring),
(113 ,200.0, 123 456789, potomac )
(114, 60000 .0, 987654321,bethesda),
(115,10000.0,123546789,bethesda),
(116,50000.0, 132549876,potomac),
(117, 20. 0, 222222222,gaithersburg))

lower-bound : acct-nuni-domain-not-null :=12;
rowý-index : PT6_index;
is-same : boolean := true;
dbý_savings :list.:_savings.row...type;
in_savings :savings...rec;

begin
move..cheque to_save (lower-.bound);
list-savings.open;
verify :for row-index in PT6_index 1oop

in-savings :=answer_array(rowj-ndex);
list-savings.fetch(db -savings, fetch-results);
is-same :=is-same and

(db -savings.bank savings..acct-num = in_savings.acct...num) and
(db....savings.bank savings-.cust-ssn = in-savings.cust...ssn) and
(db-savings.bank savings...balance = with-null(in~savings.balance))

and
(db~ksavings.bank savings_..branch_num=

with_null(in-savings.branch...num));
end loop verify;
list-savings.close;
rollback_work;
results := is_same;

end PT-6;

procedure CT...l ( results: out boolean) is
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-- verify cursor select with comparison predicate

type CTl-index is range 1- 2;
type CMlrow is

record
ssn :ssn_domain_not__null;
account -nuin: acct_num_domain_not..null;
balance : balance_domain_not...null;

end record;
type CTl-array is array (CTL-index) of CTl_row;
answer-.array :constant ctl_array :=ctl_array'

(111345678, 102,4000.0),
(111345678.,103,2000.0));

rowý_num :CTlindex;
db-row: customer_.accounts.row__.type;
in-row :CTl-row;
ssn :ssn_domain_not_null :=111345678;
verified :boolean :=true;

begin
customer_accountp.open(ssn);
verify :for rowý_nuin in CTl-index loop

customer_accounts. fetch(db...row, fetchý_results);
in_row := answer_array (row...nux);
verified :=verified and

(dbý_row.cust_ssn = in_row.ssn) and
(db_row.acct_num = in_row.account-nuxn) and
(db_row.balance = with_null(in..row.balance));

end loop verify;
results :=verified;
customer_accounts. close;
rollback_work;

end CT_1;

procedure CTý_2 ( results :out boolean) is

-- verify cursor select with >= predicate

type CT2_index is range 1.-5;
type CT2_row is

record
acct-num :acct_nuxin_domain_not_null;
balance balance_domain_not...null;
ssn :ssn...domain_not__null;
branch~num :branch numL_domain_not~null;

end record;
type CT2_array is array (ct2-index) of CT2_row;
answer-.array :constant ct2_array :=ct2_array'

(202,300000.0,333345678,potomac),
(204,150000.0,555345678,bethesda),
(208, 320000 .0, 987654321,bethesda),

1- ~(209, 180000.0, 123546789,bethesda),
(211,240000.0, 132549876,potomac));

row._nuin ct2_index;
in_row ct2_row;
db_row loans_over.row -type;
verified :boolean := true;
lower_bound: balance_domain__not-null :=150000.0;
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beg in
loans__over.open(with...null(lower_bound));
verify :for row_num in CT2_index loop

loans-over-fetch(db....row. fetch...results);
in_row := answer~array ( row...num )
verified :=verified and

(db..row.acct_num = in-row.acct..num) and
(db...row.balance = with..null(in-row.balance)) and
(db...row.cust-ssn = in_row.ssn) and
(db...row.branch_nuin = with_null (in...row.branch-..nuxn));

end loop verify;
results :=verified;
loans_over.close;
rollback~work;
end CT_2;

procedure CT...3 (results :out boolean) is

-- verify cursor select with <= predicate

type CT3_index is range 1.-4;
type CT3_row is

record
acct_num :acct_nun_ýdomain~not...null;
balance :balance_domain_not_null;
ssn: ssn_domain_not...null;
branch_num : branch_numrkdomain_not__null;

end record;
type CT3-array is array (ct3_index) of CT3..row;
answer .array :constant ct3...array := ct3_array'(

(201, 3000 .0, 111345678,gaithersburg),
(205, 1500.0,777345678,gaithersburg),
(206, 1500 .0, 999345678,potomac),
(210,5000.0, 123987654, potomac));

verified boolean :=true;
row._nuin ct3_index;
db_row :loans -under.rowý_type;
in-row :ct3-row;
upper...bound :balance_domain_not~null := 5000.0;

begin
loans -under .open (with-null (upper...bound));
verify :for row__nuxn in CT3_index loop

loans--under. fetch(db...row, fetch~results);
in-row := answer-..array(row...num);
verified := verified and

(dbý-.row.acct-nuxn = in-row.acct...num) and
(db...row.balance = with...null(in-row.balance)) and
(db...row.cust-ssn = in-row.ssn) and
(db...row.branch~nuin = with-null(in-row.branch..nuz));

end loop verify;
results := verified;
loans_.under. close;
rollback _work;
end CT..3;

procedure CT...4 (results out boolean) is

126 Intermetrics, Inc.



Appendix A - Compiler Test Suite Source Code

-- verify cursor select with > predicate

type CT4_index is range 1..7;
type CT4_row is

record
acctnum : acctnumdomain-notnull;
balance : balancedomainnotnull;

end record;
type CT4_array is array (ct4_index) of CT4_row;
answerarray : constant ct4_array := ct4_array'(

(3,50000.0),
(5,2500.0),
(7,1500.0),
(8,15000.0),
(9,1250.0),
(13,4500.0),
(14,40000.0));

dbrow : chequebal_over.row type;
inrow : ct4_row;
rownum : ct4_index;
verified : boolean := true;
lower-bound : balancedomainnot-null 1001.0;

begin
cheque-bal_over.open(with.null(lower_bound));
verify : for rownum in CT4_index loop

inrow := answer_array(rownum);
chequebalover.fetch(db_row, fetchresults);
verified := verified and

(dbrow.acct_num in_row.acct~num) and
(dbrow.balance = withnull(in-row.balance));

end loop verify;
results := verified;
cheque-balover.close;
rol lback_work;
end CT_4;

procedure CT_5 (results out boolean) is

-- verify cursor select with < predicate

type CTSindex is range 1..6;
type CT5_row is

record
acctnum : acctnumdomainnotnull;
balance : balancedomainnotnull;

end record; %
type CT5_array is array (ct5_index) of CTSrow;
answer-array : constant ct5_array := ct5_array'(

(104,50.0),
(109,200.0),
(110,300.0),
(111,200.0),
(113,200.0),

' "(117,20.0));
dbrow : savebalunder.rowtype;
in_row : ct5_row;
row-num : ct5_index;
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verified :boolean :=true;
upper-bound :balance_domain-not-null :=1500.0;

begin
save-bal_under .open (with...null (upper...bound));
verify :for rowý_num in CT5_index loop

in-row :=answer~array(row...num);
save-bal__under.fetch(db~row. fetch-results);
verified :=verified and

(dbý_row.acct_num =in_row.acct_nurn) and
(db...row.balance =with_null (in...row.balance));

end loop verify;
results := verified;
save_bal_under.close;
rollback~work;
end CT-5;

procedure CT_6 (results :out boolean) is

-- verify cursor select with <> predicate

type CT6-index is range 1.-3;
type CT6_array is array (ct6_index) of

branch-nuxnL_domain_not_null;
answer_array :constant ct6 .. :array :=ct6_array(

(bethesda),
(silver...spring),
(gaithersburg));

db_row :other_branches.row...type;
in_row :branch_nuxn_domain_n6t-null;
row-num :ct6_index;
verified :boolean := true;
branch :branch_numr_domain-not-null := potomac;

begin
other-branches.open(with~null (branch));
verify :for rowý_nuni in CT6_index loop

other-branches.fetch(db...xow. fetch-results);
in-row := answer~array(row..num);
verified := verified and

(db...row.num = with_null(in...row));
end loop ver~fy;
results := verified;
other-branches .close;
rollback_work;
end CT_6;

procedure CT_) (results :out boolean) is

-- verify cursor select with between predicate

type CT7-.index is range 1.-5;
type CT7-array is array (ct7_index) of savings~rec;
answer~array :constant ct7...array := ct7_arrayl

(106, 500 00. 0, 55534 5678, bethesda )
(107 ,50000. 0, 555345678, silver spring),
(108,50000.0,.555345678,potomac),
(114, 60000 .0, 987654321,bethesda),
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(116,50000.0-,132549876,potomac));
db-row :large...deposits.row-type;
upper-..bound :balance-domain_not_null 60000.0;
lower-bound :balance-domain-not-null 40000.0;
in_row savings~rec;
row_num ct7_index;
verified :boolean :=true;

begin

large-.depos its .open (with...null (lower_bound) ,with..null (upper..bound))

verify :for rowý_nuxn in CT7_index loop
in_row := answer_array (row~nuxn);
large...deposits .fetch(db...row, fetch...results);
verified := verified and

(db...row.bank_savings...acct_nuxn = in_row.acct_nuin) and
(db...row.bank_savings...cust_ssn = in_row.cust_san) and
(db..row.bank_savings...balance = with_null(in...row.balance)) and
(db...row. bank_savings..branch-num = with...null (in_row. branch...num))-
end loop verify;
results :=verified;
large...deposits .close;
rol lback-..work;
end CT_7;

procedure CT...8 (results :out boolean) is

-- verify cursor select with NOT BETWEEN predicate

type CT8_index is range 1. .5;
type CT8_row is

record
acct_num :acct_nuin_domain_not_null;
balance :balance..Aomain-not-null;
ssn :ssn_domain_not_null;

end record;
type CT8...array is array (ct8-index) of CT8_row;
answer_,.array :constant ct8_array := ct8...array(

(202,300000.0,333345678),
(204,150000.0,555345678),
(208,320000.0,987654321),
(209,180000.0,123546789),
(211,240000.0,132549876));

upper-bound balance-domain-not-null 60000.0;
lower_bound balance_domnain-not-null 20.0;
db_row :large loans.row...type;
in_row :CT8_row;
row-nuin ct8_index;
verified boolean :=true;

begin
large...loans .open (with-null (lower_bound) ,with...null (upper-bound));
verify :for rowý_num in CT8_index loop

in-row :=answer-array (row-num);
large..joans.fetch(db_row fetch_results);
verified :=verified and

(db-row.acct-nuin = in-row.acct-nuzn) and
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(db-row.cust-.ssn= in...row.ssn) and
(db_row.balance =with_null(in-.row.balance));
end loop verify;
results :=verified;
large...loans close;
rol lback.,..ork;
end CT...8;

procedure CT...9 (results :out boolean) is

-- verify cursor IN predicate

type CT9_index is range 1.-5;
type CT9_array is array (ct9_index) of loan...rec;
answer~array :constant ct9...array :=ct9_.arrayl

(202 ,300000 .0, mortgage ,333345678, potomac),
(206,1500.0,personal,999345678,potomac),
(207, 50000.0,mortgage, 123456789,potomac),
(210, 5000.0, auto, 123987654,potomac).
(211,240000.0,mortgage,132549876,potomac));

verified :boolean :=true;
in_row :loan...rec;
dbý_row :loan_count.row...type;
rowý_nuin: ct9_index;
branch :branch_nuni~domain_not--null :=potomac;

begin
loan-count.open(with~null(branch));
verify :for row__numi in CT9_index loop

.in~row := answer...array (rowý-nurn);
loan_count.fetch(db~row,fetch...results);
verified :=verified and

(d1 _row.bank_loan_acct_num = in_row.acct...num) and
(dbý_row.bank~loan_cust_ssn = in_row.cust_ssn) and
(db ýrow.bank_loan_loan...type = with...null(in~row.loan.~.type)) and
(db_row.bank-loan_balance = with_null(in~row.balance)) and
(dbý-row.bank~loan-branch_num = with...null(in_row.branch_num));
end loop verify;
results :=verified;:
loan-count.close;
rollback_work;
end CTý9;

procedure CT....0 (results :out boolean) is-

-- verify cursor like predicate

type CT1O..index is range 1.-2;
type CTlQ..array is array (ctlO-index) of

customer_name_domain_not...null;
answer-array :constant ctlO~array :=ctlO...arrayl

(*Johnson
(*Jones U)

db_row: find_customer.row...type;
in-row :customernameý_domain_not_null;
rowý_nurn ctlO_index;
verified boolean := true;
name_-in customer-name-domain-not-null : J
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-- name-in :customer_name_domain_not_null := _______U

begin
find..customer.open(with...null (name..jn) );
verify :f or rowý_num in CT1O-index loop

find_customer.fetch(db-row,fetch...results);
in-row :=answer_array(row...num);
verified :=verified and

(db-row.cust-name =with_null(ixtrow));
end loop verify;
results := verified;
find_customer.close;
rol lback~work;
end CTlO0;

procedure CTý_11 (results out boolean) is

-- verify cursor procedures

new__record :constant customer_rec := customer_rec'
(OmSmith 0,111345678,*South 0,"Gaithersburg

search_ssn :ssn_domain_not_null 111345678;
db_street addr_domain...type;
newý-street :addr_domain_not_null O=South 0
customer_row :customer_index := 1;
verified :booleaLn :=false;
db_row :fetch_customer_record;
sqlval :sql..enum;

begin
customer_list .open...customer;
customer-list.fetch-customer(db...row,sqlval);

-- Check Status Code
if sqlval = SQLNOTFOUND or sqlval = SQL...ERROR then

results :=false;
return;

k ~elsif sqlval = SQLFOUND then
customer_row :=customer_row + 1;

else
results :=false;
return;

end if;
while (db...row.bank-cust_ssn /= searchk_ssn) and

(customer_row < customer_index last) loop
customer-list.fetch_customer(db~row,sqlval);

-- Check Status Code
if sqlval =SQLNO7T_FOUND or sqlval =SQLERROR then

results :=false;
return;

elsif sqlval. = SQL_-FOUND then
customer__row := customer__row + 1;

else
results := false;
return;

end if;
end loop;
if db-row.bank-cust-ssn =search_ssn then
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assign (db..street, with...jull (newý_street));
customerý_list.update...customer(db_street);
customer-list.close-customer;
commit~work;
customer-list .open...customer;
customer-row 1
customer-list.fetch...customer(db...row,sqlval);

-- Check Status Code
if sqival =SQL_NOT_-FOUND or sqival = SQLERROiý then

results :=false;
return;

elsif sqlval = SQLFOUND then
null;

.else
results := false;
return;

end if;
while (db~..row.bank_cust-ssn /= search-ssn) and

(customer_row < customer_index last) loop*
customer_list.fetch...customer(db._.row,sqlval);

-- Check Status Code
if sqlval =SQLNOT_FOUTND or sqlval =SQLERROR then

results :=false;
return;

elsif sqlval = SQL...FOUND then
customer_row := customer_row + 1;

else
results := false;
return;

end if;
end loop;
verified := (dbý-row.bank~cust_ssn = search~ssn) and

(db..row.bank~cust-street_addr = dbý_street )
customer-list.close-customer;

else
verified := false;

end if;
-- Update the customer street addr to null

if verified then
customer..l ist open....customer;
customer-list.fetch_customer(db....row,sqlval);

-- Check Status Code
if sqlval =SQL_NOTý_FOUND or sqlval =SQL.ERROR then

results :=false;
return;

elsif sqlval = SQL_.FOUND then
customer-row :=customer_row + 1;

else
results :=false;
return;

end if;
while (dbý_row.bank_cust_ssn /= search_ssn) and

(customer-row < customer_index'last) loop
customer-list.fetch-customer(db-row,sqlval);

-- Check Status Code
if sqlval =SQL_NOT_FOUND or sqival = SQLERROR then

results :=false;
return;
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elsif sqival =SQLFOUND then
customer_row :=customer_row + 1;

else
results :=false;
return;

end if;
end loop;
if db-row.bank-cust-ssn = search_ssn then
customer-list .update~customer_null;
customer-list close-customer;
cocnmit_work;
customer_list.open_customer;
customer_row :=1;
customer..list .fetch...customer (db..row, sqlval);

-- Check Status Code
if sqlval =SQL...NOTFOUND or sqlval =SQL_ERROR then

results false;
return;

elsif sqlval =SQL_FOUND then
null;

else
results :=false;
return;

end if;
while (db-row.bank-cust-ssn /= search~ssn) and

(customer_row < customer_index' last) loop
* ~~customer_list. fetchcpustomer (db...row, sqlval);

-- Check Status Code
4 if sqlval =SQL_.NOTFOUND or sqlval =SQL_.ERROR then

results false;
return;

elsif sqlval = SQL..YOUND then
customer_row -= customer_row + 1;

else
results :=false;
return;

end if;
end loop;
verified := (db-row.bank_cust_ssn = search~ssn) and

is-.null(db...row.bank-cust-street_addr).;
customer-list .close~customer;

& else
verified :=false;

end if;
end if;
if verified then
declare

cust-row :cust...null...count.row -type;
4.isok boolean;

begin
cust_null_count-open;
cust_null_count.fetch(cust....ow, isok);

if isok =FALSE then
results :=false;
return;

end if;
results := (cust-row.ssn =search_ssn);

end;
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else
results := false;

end if;
rollbackwork;
end CT_11;

begin
put-line(beginning);
put line(heading);
loopl: for line in prompt-index loop

put_line(test list(line));
end loop loopl;
put(promptl);
while not found and (prompt_count < 10) loop

prompt-count := promptcount + 1;
get-line(answer, length);
case length is

when 1 =>
case answer(l) is

when 'a' I A =>
found := true;
testnumber := 1;

when others =>
put(prompt2);

end case;
when 2 =>

if (answer(l..2) = al) or
(answer(l..2) = *A) or
(answer(l..2) = aLO) or
(answer(l..2) = *ALO) then

found:= true;
testnumber := 1;

else
put(prompt2);

end if;

when 3 =>
if answer(l..3) = OPT1 then

found := true;
testnumber := 1;

elsif answer(l..3) = OPT2* then
found:= t~ue;
testnumber := 2;

elsif answer(l..3) = "PT3m then
found:= true;
testnumber := 3;

elsif answer(l..3) = *PT40 then
found:= true;
test_number := 4;

elsif answer(l..3) = OPT5" then
found:= true;
test_number := 5;

elsif answer(l..3) = OPT6" then
found:= true;
testnumber := 6;

elsif answer(l..3) = "CT1" then
found:= true;
test_number := 7;
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elsif answer(1..3) = "CT2* then
found:= true;
test_number := 8;

elsif answer(l..3) = "CT3 then
found:= true;
test_number := 9;

elsif answer(1..3) = OCT4 then
found:= true;
testnumber := 10;

elsif answer(l..3) = *CTS" then
found:= true;
test_number := 11;

elsif answer(1..3) = ICT60 then
found:= true;
test_number := 12;

elsif answer(1..3) = OCT7T then
found:= true;
test_number := 13;

elsif answer(l..3) = "CT8" then
found:= true;
test_number := 14;

elsif answer(l..3) = OCT9g then
found:= true;
test_number := 15;

• else
put (prompt2);

end if;

when 4 =>
if answer(l..4) = *CTI0" then

found %= true;
testnumber := 16;

elsif answer(l..4) = OCT111 then
found := true;
test_number := 17;

else
put (prompt2);

end if;
when others =>

put(prompt2);
end case;

end loop;
if promptcount >= 10 then

put-line('exceeded attempt limit: try again later*);
else

connectbank;
init_customerodb;

testresults := verifycustomer_db; -- (testresults);
if testresults then

initchecking-db;
"test-results := verify-checkingdb; -- (test_results);
if testresults then

init_savingsdb;
testresults := verifysavings db; -- (test_results);
if testresults then

init_loan_db;
testresults := verify-loan-db; -- (testresults);
if testresults then
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init_branch_db;
testresults := verify_.branch.db; -- (test_results);
if test_results then

put_line
(" databases initialize successfully');

else
put-line
(" Branch database failed to initialize");

end if;
else

put_line
("Loan database failed to initialize-);

end if;
else

put-line
(OSavings database failed to initialize");

end if;
else

put-line ("Checking database failed to initialize");
end if;

else
put_line ("Customer database failed to initialize");

end if;

if testresults = true then
while testnumber < test-count'last loop

case test-number is
when 1 =>

current_test := "PTl ";
PT_l(testresults);

when 2 =>
current_test := "PT2 ";
PT_2(testresults);

when 3 =>
current_test := NPT3 ";
PT_3(testresults);

when 4 =>
currenttest := "PT4 ";
PT_4(test-results);

when 5 =>
currenttest := "PT5 ";
PT_5(testresults);

when 6 =>
current_test := "PT6 ";
PT_6(testresults);

when 7 =>
currenttest := "CT ";
CTl(test-results);

when 8 =>
currenttest := "CT2 ";
CT_2(testresults);

when 9 =>
currenttest := "CT3 ";
CT_3(test.results);

when 10 =>
currenttest := "CT4 ";
CT_4(test_results);

when 11 =>
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current-test : CT5

when 12 =>
current_test : CT6 0;

when 13 =>
current-test :="CT7;
CT.) (test~results);

when 14 =>
current_test : CT8;
CT_8(test..results);

when 15 =>
current_test : CT9;
CT..9 (test....results);

when 16 =>
current_test : CT1O0;
CT..10 (test...results);

when 17 =>
current-test : CT1l0;
CT-11(test-results);

when others =>

put-..line (owe should not be herem);
end case;

put (current-test);
if test-results = false then

put-line(" has failedO);
exit;

else
put~...ine(' has passed');
test_number test_number +1;

end if;
end loop;
put...line (" the test set is complete");

end if;
end if;

end Test_driver;

A.2.3 t2initbank-sql

create tABLE cust
(cust-name CHAR(15),

SSN INTEGER NOT NULL,
Street_addr CHAR(15),
City-addr CHAR(15),
State-addr CHAR(15));

create tABLE savings
(Branch-num SMALLINT,
acct..num SMALLINT NOT NULL,
Balance DECIMAL(12,2),
cust-ssn INTEGER NOT NULL);

create tABLE cheque
(Branch_num SMALLINT,
acct-num SMALLINT NOT NULL,
Balance DECIMAL(12,2),
cust-ssn INTEPER NOT NULL);

create tABLE loan
(Branch-num SMALLINT,
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acct-num SMALLINT NOT NULL,
Balance DECIMAL(12,2),
Loan_type SMALLINT,
custssn INTEGER NOT NULL);

create tALE branch
(Num SMALLINT,
As~ets DECIMAL(12,2));

A.2.4 t2/initisql

create tABLE bank.cust
(Name CHAR(15),
SSN INTEGER NOT NULL,
Streetaddr CHAR( 15),
City-addr CHAR(15),
State_addr CHAR(15));

create tABLE bank.savings
(Branch_num SMALLINT,
acctnum SMALLINT NOT NULL,
Balance DECIMAL(12,2),
custssn INTEGER NOT NULL);

create tABLE bank.cheque
(Branch_num SMALLINT,
acctnum SMALLINT NOT NULL,
Balance DECIMAL(12,2),
custssn INTEGER NOT NULL);

create tABLE bank.loan
(Branch_num SMALLINT,
acctnum SMALLINT NOT NULL,
Balance DECIMAL(12,2),
Loantype SMALLINT,
custssn INTEGER NOT NULL);

create tABLE bank.branch
(Num SMALLINT,
Assets DECIMAL(12,2));

A.3 Error Tests

A.3.1 tl/etlsme

definition module d etl is
-- Member Information
domain MemName is new-SQL_CHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATIONASINT

Enumeration => SexEnum, Map => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Strect is new SQL_CHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);
r

domain Club_Number is new SQLSMALLINT Not Null;
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domain SumDomain is new SQLSMALLINT Not Null;
domain CountDomain is new SQLINT;

end detl;

with d_ etl; use detl;
schema module s_recdb is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null* : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStrect :Strect,
MemberCity : City,
MemberCnty not null County

end Members;

end srecdb;

with d-etl; use d-etl;
abstract module a_etl is

authorization s_recdb

record MemberRec is
R_MemberName : MemName;
R_Sum : Sum-Domain;
R_Count : Count-Domain;

end;

-- Check row record conformance
procedure PD_MemberSelect (ReqMemberSSN SSN) is

select MemberName, SUM(MemberAge), COUNT(*)
-- ERR A A

from srecdb.Members
where s-recdb.Members.MemberSSN = ReqMemberSSN

cursor MemberSelect (ReqlMemberSSN : SSN) for
select MemberName, SUM(MemberAge), COUNT(*)

A-- ERR A

from srecdb.Members
where srecdb.Members.MemberSSN = ReqMemberSSN

is
procedure FetchIt is

fetch into Row : MemberRec;
-ERR A

end MemberSelect;

cursor D_MemberSelect (Req-MemberSSN : SSN) for
select MemberName, SUM(MemberAge), COUNT(*)

-- ERR A A

from srecdb.Members
i where srecdb.Members.MemberSSN = Req_MemberSSNi is

procedure FetchIt is
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fetch;
end D_MemberSelect;

end a_etl;

A.3.2 tllet2sme

DEFINITION MODULE det2 IS
DOMAIN Branch_assetsdomain IS

NEW SQLREAL NOT NULL (L => 0.0, R => 1E+10);
-- Illegal Literal ^^

END det2;

A.3.3 tlet3sme

DEFINITION MODULE Eet3 IS

DOMAIN Customern-ame_domain IS
NEW SQL_CHAR(length => 50);

RECORD Customer record IS
CName : Customer-namedomain;

END customerrecord;

END Eet3;

WITH Eet3;
USE E_et3;
SCHEMA MODULE Ti_III IS

TABLE Customer IS
CName Customer_namedomain

END Customer;

END Ti_III;

WITH Eet3;
USE E_et3;
ABSTRACT MODULE Aet3 IS

AUTHORIZATION TLIII

CURSOR findcustomer (namein customer_name_domain) FOR
SELECT

TlIII.customer.Cname
FROM

TlIII.customer
WHERE

name-in LIKE TlIII.customer.Cname
... AAAA.AAA..AAAA.A..AA Can only be input parm,

-- literal, or USER

END A_et3;

A.3.4 tl/et4Msme

definition module D_et4 is
-- Member Information
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domain MemName is new SQL-CHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);

-* domain Age is new SQLSMALLINT (FIRST => 1,LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQL_ENUMERATION_ASINT

Enumeration => SexEnum, MAP => POS);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQLCHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;
domain Sum_Domain is new SQLSMALLINT Not Null;
domain CountDomain is new SQLINT;

end Det4;

with Det4; use Det4;
schema module RecDB is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

table Members2 is
MemberName2 not null MemName,
MemberSSN2 not null SSN,
ClubNumber2 not null ClubNumber,
MemberAge2 : Age,
MemberSex2 : Sex,
MemberPhone2 : Phone,
MemberStreet2 : Street,
MemberCity2 : City,
MemberCnty2 not null County

end Members2;

end RecDB;

with D et4; use D et4;
abstract module A et4 is

authorization RecDB

record MemberRec is
R_MemberName : MemName;
R_Sum : SumDomain;
RCount : CountDomain;
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end;

procedure PD_MemberSelect (Req_MemberSSN : SSN) is
select MemberName, SUM(MemberAge), COUNT(*)

-- May not be NO_DOMAIN A

from RecDB.Members
where RecDB.Members.MemberSSN = Req_MemberSSN

cursor MemberSelect (Req._MemberSSN : SSN) for
select MemberName, SUM(MemberAge), COUNT(*)

-- May not be NO_DOMAIN A ̂

from RecDB.Members
where RecDB.Members.MemberSSN = Req_MemberSSN

is
procedure FetchIt is

fetch into Row : MemberRec;
end MemberSelect;

cursor DMemberSelect (ReqMemberSSN : SSN) for
select MemberName, SUM(MemberAge), COUNT(*)

-- May not be NO_DOMAIN A A

from RecDB.Members
where RecDB.Members.MemberSSN = ReqMemberSSN

is
procedure FetchIt is

fetch;
end DMemberSelect;

end Aet4;

A.3.5 tlet5sme

-- Check for various type/domain inconsistencies

DEFINITION MODULE det5 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 15);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 15);

DOMAIN City-domain IS
NEW SQL_CHAR(length => 15);

DOMAIN State_domain IS
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NEW SQLSCHAR(length => 2);

-- domain integer declarations

DOMAIN SSNdomain 7S
NEW SQLINT NOT NULL ( FIRST => 0, LAST => 999999999);

DOMAIN acct_numk_domain IS
NEW SQLSMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

- - domain real declarations

DOMAIN Balancedomain IS
NEW SQLREAL;

DOMAIN Interest-rate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loanpayment-domain IS
NEW SQLREAL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL;

-- domain enumeration declarations

DOMAIN Loantype_domain IS
NEW SQLENUMERATION_AS_int
(ENUMERATION => Loantypes, MAP => POS);

DOMAIN branch_num_domain IS
NEW SQLENUMERATIONASINT
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer-record IS
Cust_Name : Customernamedomain;
SSN : SSN_domain;
Street : Addr.domain;
City : Citydomain;
State : State_domain;

END customer_record;

RECORD Savings-entry IS
branchnum : branchnumndomain;
acctnum : acct_num_domain;
Balance Balance_domain;
custssn : SSN_domain;

END Savingsentry;

RECORD Chequeingentry IS
branch_num : branch_nux._domain;
acct_num : acct_num_domain;
Balance : Balance_domain;
custssn : SSNdomain;

END Chequeing entry;

RECORD loan-entry IS
branchnum : branch_num.domain;
acctnum : acct_numdomain;
Balance Balance_domain;
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Loan~type : oan....type-domain;
custssn :SSN-domain;

END loan_entry;

RECORD Branch~entry IS
branch_num :branch_nunm_domain
Assets Branch_assets-domain;

END Branch_entry;

END d_etS;

WITH d-etS;
USE d_et5;
SCHEMA MODULE s-etS IS

-- Basic customer information

TABLE Cust IS
Cust_Name Customer-name_domain,
SSN not null SSN-domain,
Street_addr :Addr...domain,
City-addr :City-domain,
State_addr :State_domain

END cust;

-- Checking account

TABLE cheque IS
branch-num :branch~num-domain,
acct-num not null :acct_nIuzL~domain,
Balance :Balance-..domain,
cust-ssn not null :55W_domain

END cheque;

-- Savings account

TABLE Save IS
branch_nurn: branch__numý_domain,
acct-nurn not null :acct_numr_domain,
Balance :Balance_domain,
cust-ssn not null :SSN_domain

END Save;

-- loan account

TABLE loan IS
branch_num :branch_numý_domain,
acct-num not null acct_nurq_domain,
Balance Balance_domain,
Loan-..type :loan-type-domain,
cust-ssn not null :55W_domain

END loan;

-- Branch information

TABLE Branch IS
num branch-num -domain
Assets Branch-assets-domain
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END Branch;

END s-et5;

WITH d.et5;
USE d.et5;
ABSTRACT MODULE a_et5 IS

AUTHORIZATION s_etS

CURSOR large.deposits1
( upperbound :balancedomain) FOR
SELECT*
FROM

s_et5.save
WHERE

s_et5.save.balance = (SELECT CustSSN FROM s_et5.save
where s_et5.save.balance = 0.0)

-- ERR

CURSOR large deposits2
upperbound :balancedomain) FOR

SELECT *

FROM
s-et5.save

WHERE
s_et5.save.balance = (SELECT balance FROM s_et5.save

where set5.save.balance = 0.0)
-- OK

CURSOR large.deposits3
upperbound :balance_domain) FOR

SELECT *

FROM
s-et5.save

WHERE
s_et5.save.balance = (SELECT * FROM set5.save

where set5.save.balance = 0.0)
-- ERR

CURSOR large deposits4
upperbound :balancedomain) FOR

SELECT *

FROM
s_et5.save

WHERE
* s_et5.save.balance

BETWEEN 0 -- ERR
-- " AND upper-bound

CURSOR large deposits5
upperbound :balancedomain) FOR

SELECT *

FROM
s_et5.save
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WHERE
s..et5 .save, balance

BETWEEN interest~rate~domain(O.O) -- ERR
AND upper-bound

PROCEDURE Delete_customer_loan
(loan_number_in :acct_num_domain) IS

DELETE FROM
s-et5.Loan

WHERE
SSN..domain(s_et5.Loan.acct-num) = loan_number~in; -- ERR

CURSOR loans...over(loan_balance~in :balance~domain) FOR
SELECT

s_et5.Loan.acct_num,
s_et5.Loan.branch~num,
s-et5.Loan.cust.,.ssn,
s-et5.Loan.balance

FROM
s_.et5.Loan

WHERE
s-et5.Loan.balance >= Bethesda -- ERR

CURSOR loans_ under(loan_balance-in :balance_domain) FOR
SELECT

s__et5.Loan.acct_ýnum,
s_ýet5.Loan.branch_num,
s_et5.Loan.cust_ssn,
s-et5.Loan.balance

FROM
s-et5.Loan

WHERE
branch~num <= Bethesda -- OK

CURSOR large-loans
(lower-bound :balance_domain; upper..bound :balance_domain) FOR

SELECT
s-et5.Loan.acct-num,
s-et5.Loan.balance,
s-et5.Loan.cust-ssn

FROM
s-et5.Loan

WHERE
Bethesda NOT BETWqEEN Bethesda AND Bethesda -- ERR

-- like predicate

CURSOR find_customer (name in customer_name_ýdomain) FOR
SELECT

s-et5.cust.cust_name
FROM

s-et5.cust
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WHERE
s_et5.cust.cust_name LIKE 2.0 -- ERR

S-- in predicate

CURSOR Loancount ( Branchin: branchnumdomain ) FOR
SELECT

FROM
s_et5.Loan

WHERE
s_et5.Loan.Branch_num IN (Branch.in, Bethesda, Potomac) --

OK

CURSOR Loancount2 ( Branch_in: branch_num_domain ) FOR
SELECT

i *

FROM
s_etS.Loan

WHERE
s_et5.Loan.Branchnum IN (Branchin, Bethesda, auto) -- ERR

END a et5;

A.3.6 tdet6sme

-- Tests error checking on constant decls

"definition module d_et6 is
-- Member Information
domain MemName is new SQLCHAR Not Null (Length => 30);
domain SSN is new $QL_CHAR Not Null (Length => 9);
domain Age is new SQL.SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
enumeration SexEN is (Female, Male);
domain Sex is new SQLENUMERATIONASINT

Enumeration => SexEnum, Map => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQLSCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;
domain Money is new SQL_REAL;

V" constant C_Namel: MemName is '1234567890123456789012345678901'; --
L• ERR constant C_SSN : SSN is 123456789; -- ERR

constant C_Club_Number : ClubNumber is 10.0;constant C_ClubNumberl: Club_Number is 10.OE+0; -- ERR

constant C_Ml : Money is 39;
constant C_M2 : Money is 39.0;
constant C_M3 : Money is 39.E+0;
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constant CSex is F; -- ERR
constant C_Sexl: Sex is Female; -- ERR

end det6;

A.3.7 tI/et7.sme

-- Check assignment conformance on selects

DEFINITION MODULE det7 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver_Spring,
Gaithersburg,
Potomac);

ENUMERATION Loantypes IS
mortgage,
auto,
personal);

-- domain character declarations

DOMAIN Customer_name_domain IS
NEW SQLCHAR(length => 15);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 15);

DOMAIN City-domain IS
NEW SQLCHAR(length => 15);

DOMAIN State_domain IS
NEW SQLCHAR(length => 2);

-- domain integer declarations

DOMAIN SSN_domain IS
NEW SQLINT NOT NULL ( FIRST => 0, LAST => 999999999);

DOMAIN acct_num_domain IS
NEW SQLSMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

-- domain real declarations

DOMAIN Balance_domain IS
NEW SQLREAL;

DOMAIN Interestrate-domain IS
NEW SQLREAL( FIRST.=> 0.0, LAST => 1.0);

DOMAIN Loan-payment-domain IS
NEW SQLREAL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL;
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- - domain enumeration declarations

DOMAIN Loan type_domain IS
NEW SQLENUMERATION__AS-int
(ENUMERATION => Loantypes, MAP => POS);

DOMAIN branch_num_domain IS
NEW SQLENUMERAT' ONAS_INT
(ENUMERATION => Branches, MAP => POS);

RECORD Customerrecord IS
CustName : Customer_name_domain;
SSN : SSNdomain;
Street : Addrdomain;
City : City-domain;
State : State_domain;

END customerrecord;

END d et7;
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WITH d_et7;
USE d_et7;
SCHEMA MODULE s_et7 IS

-- Basic customer information

TABLE Cust IS
Cust_Name Customer_name_domain,
SSN not null :SSNk_domain,
Street_addr :Addr-..:domain,
City-addr :City--domain,
State_addr :State_domain

END cust;

-- Savings account

TABLE Save IS
branch~num branch_num_domain,
acct_num not null :acct_nuxn_domain,
Balance :.Balance...domain,
cust-ssn not null SSN_domain

END Save;

END s_et7;
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WITH d...et7;
USE d...et7;
ABSTRACT MODULE a-et7 IS

AUTHORIZATION s-et7

RECORD Savings-entry IS
branch_num :branch_num~domain;
acct_num : acct_nunt...domain;
Balance .:Balance-domain;
cust-ssn :SSN_domain;

END Savings~entry;

RECORD Savings...entry2 IS
branch~num : branch~nuinkdomain;
acct~num :acct_numrýdomain;
Balance :Balance-domain;
cust-ssn :SSN_domain;
cust-ssn2 :SSN._domain;

END Savings-.entry2;

RECORD Savings...entry3 IS
branch-nurn : branch-numkdomain;'
acct_npum :acct_numL.domain;
Balance :Balance-domain;

END Savings-entry3;

RECORD Customer_record~plus IS
branch-num :branch-nurn_domain;
acct_num :acct_num...domain;
Balance :Balance_.domain;
cust-ssn :SSNý_domain;

CustName :Customer_name__domain;
SSN :SSk_domain;
Street :Addr-domain;
City :City-domain;
State :State_domain;

END customer-record...plus;

RECORD Customer-record...plusl IS
branch_nuzn: branch_num~domain;
acct~num :acct_nuin domain;
Balance :Balance-domain;
cust-ssn :SSN-domain;

Cust_Name Customer-name_domain;
SSN :SSN-domain;
Street :Addr_domain;
city :City~domain;
State :State--domain;
Statel :State -- domain;

END customer-record-plusl;

RECORD Customer-record-plus2 IS
branch_num : branch-nuxn-domain;
acct-num :acct-num..-domain;
Balance Balance-domain;
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cust-ssn :SSN_domain;

CustName :Customer-name_domain;
SSN :SSNý_domain;
Streeit :Addr_domain;
City :City_domain;

END customer-record...plus2;

RECORD customer-record_minus is
CustName :Customer-name_domain;

Addr :AddrDomain;
City City_domain;
State State..domain;

END customer_record_minus;

PROCEDURE Get-save-record
(acct~numk_in acct-num_domain) IS

SELECT
INTO

savings...ecord savings...entry
FROM

s-et7.save
WHERE

s_et7..save.acdt_num
acct_num_in;

PROCEDURE Get-save-racordi
(acct_numý_in acct_nuM_domain) IS

SELECT * -ERR

INTO
savings...record savings...entry2

FROM
s-et7.save

WHERE
s-et7.save.acct-num=

acct-numr_in;

PROCEDURE Get-save-record2
(acct_nurnk_in acct_nuni_domain) IS

SELECT * -ERR

INTO
savings...record savings~entry3

FROM
s-et7.save

WHERE
s-et7.save.acct-num

acct-nuxn-in;

PROCEDURE Get-save-record3
(acct_numý_in acct_num_domain) IS

SELECT*
INTO

savings...record customer-record...plus
FROM

s_et7.save, cust
WHERE

s-et7.save.acct_num=
acct_num_in;
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PROCEDURE Get-save-record4
(acct...nurn_in acct...num..~domain) IS

SELECT ERR

INTO
savings record customer_recor&..plusl

FROM
a_et7.save, cust

WHERE
s_et7.save.acct_num

acct-num...in;

PROCEDURE Get-save~record5
(acct...numq.in :acct...num...domain) IS

SELECT *--ERR

INTO
savings_record :customer_record...plus2

FROM

WEEs_et7.save, cust

s_ýet.save.acct~num=
acct_nuMin;

PROCEDURE Get-save-record6
(acct...num_in :acct_nunu~domain) IS

SELECT branch~nwn, acct...num, Balance, cust~ssn
V INTO

savings_record :savings-..entry
FROM

s-et7.save
WHERE

s_et7.save.acct-nuM=
acct-numjin;

PROCEDURE Get_save_record7
(acct...numj~n :acct_numL_domain) IS

SELECT branchnum, acct~num, Balance, cust~ssn --ERR
& INTO

savings_record :savings....entry2
FROM

s-et7.save
* WHERE

s_et7.save.acct_nuin
acct_nuxn~in;

PROCEDURE Get-save-record8
(acct...num-in :acct-num_domain) IS

SELECT branch..num, acctnum, Balance, cust~ssn --ERR
a. INTO

FRMsavings_record :savings....entry3

WEEs-,et7.save

s-et7.save.acct-nurn
acct_numln;

Cursor CGet-save-record
(acct...num_in :acct_ýnuM_domain) FOR
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SELECT
FROM

s_.et7. save
WHERE

s_et7.save.acct_num
acct_nuM__in;

is
procedure CFETCH IS FETCH INTO savings~..record

savings-entry;
END;

Cursor CGet-save-recordi
(acct_nurn_in :acct-num~domain) FOR

SELECT ERR

FROM
s-et7.save

WHERE
s_et7.save.acct__num=

acct-num--in;
is

procedure CFETCH IS FETCH INTO savings..record
savings--entry2;

END;

Cursor CGet_save_record2
(acct_num_in. acct-nuM__domain) FOR

SELECT ERR-

FROM
s-et7.save

WHERE
s_et7.save.acct_num

acct_nuM__in;
is

procedure CFETCH IS FETCH INTO savings~record
savings...entry3;

END;

Cursor CGet-save-record3
(acct_num_in :aect_mumr_domain) FOR

SELECT*
FROM

s_et7.save, cust
WHERE

s_et7.save.acct_.num
acct-numk-in;

is
procedure CFETCH IS FETCH INTO savings-.record

customer_record...plus;
END;

Cursor CGet-save-recoid4
(acct_num_in :acct-mumrLdomain) FOR

SELECT * -ERR

FROM
s_et7.save, cust

WHERE
s-et7.save.acct-num=

acct_numt_in;
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is
procedure CFETCH IS FETCH INTO savings-record

customer-record-plusl;
END;

Cursor CGet_save_recordS
(acct_..num_in :acct-num-d.omain) FOR

SELECT * -ERR

FROM
s_et7.save, cust

WHERE
s_et7.save.acct_num

acct_numjin;
is

procedure CFETCH IS FETCH INTO savings~record
customer-record-plus2;

END;

Cursor CGet-save-record6
(acct...num_in :acct-num-.domain) FOR

SELECT branch_num, acct...num, Balance, cust_ssn
FROM

s et7.save
WHERE

s_et7.save.acct_num
acct_nuM__i.n;

is
procedure CFETCH IS FETCH INTO savings~record

savings-..entry;
END;

Cursor C~et-save-record7
(acct~num_in :acct..num..domain) FOR

SELECT branch_num, acct~num, Balance, cust_ssn --ERR
FROM

s-et7.save
WHERE

s_et7.save.acct_num
acct_nuM__n;

is
procedure CFETCH IS FETCH INTO savings__.yecord

savings...entry2;
END;

Cursor CGet-save-record8
(acct~num_in :acct.LnuM~domain) FOR

SELECT branch_nuin, acct~num, Balance, cust_ssn --ERR
FROM

* s_et7.save
WHERE

s_et7.save.acct~num

is acct-num-in;

procedure CFETCH IS FETCH INTO savings~record
savings...entry3;

END;
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PROCEDURE New:_customer !S
INSERT INTO

s-et7.cust -- ERR
FROM

Newý_customer_info customer_record_minus
VALUES;

PROCEDURE Newý_customeri IS
INSERT INTO

S-et7.cust -- ERR
FROM

Newý_customer_info customer_record
VALUES (CustName, SSN, City....addr, State__.addr);

PROCEDURE Newý_customer2 IS
INSERT INTO -- ERR

s_et7.cust (Cusc_Name, SSN, Street__addr, City...addr,
State-addr)

FROM
Newý_customer_info :customer_record~minus

VALUES (Cust_Name, NULL, Street_addr, City..addr, State-addr);

PROCEDURE New_customer3 IS
INSERT INTO -- ERR

s_et7.cust (Cust_Name, SSN, Street_addr, City~addr,
State_addr)

FROM
New-customer-info :customer_record_minus

VALUES (CustName, SSN, 111261 Col Pike', City...addr,
State-addr);

PROCEDURE New-customer4 IS
INSERT INTO -- ERR

s-et7.cust (CustName, Street...addr, City...Addr, State-addr)
VALUES (Cust_Name, City...addr, Street_,addr, State...addr);

PROCEDURE New-customerS IS
INSERT INTO - - ERR

s_et7.cust (Cust_Name, SSN, Street--addr, City~addr,
State-addr)

VALUES (Cust_Name, SSN, Street_addr, Cityaddr,''The State of
MD');

PROCEDURE New-customer6 IS
INSERT INTO -- ERR

s_et7.cust (CustName, SSN, Street_addr, Cityaddr,
State_addr)

VALUES (CustName, SSN, NULL, City....addr);

PROCEDURE Newý_customer7 IS
INSERT INTO -- ERR

s_et7.cust (CustName, 55W, Street_addr, City~addr,
State_addr)

FROM
New-customer-info :customer-record-minus

VALUES

END a_et7;
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A3.8 tl/et8.sme

-- Check Assign conformance for set clauses

DEFINITION MODULE det8 IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
SilverSpring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

-- domain enumeration declarations

DOMAIN Loan.type_domain IS
NEW SQLENUMERATIONASint
(ENUMERATION => Loantypes, MAp => POS);

DOMAIN branch num_domain IS
NEW SQLENUMERATIONASChar
(ENUMERATION => Branches, MAP => IMAGE);

constant C1 : loantype-domain is mortgage;
constant C2 : loan type-domain is loan_typedomain (loan typedomain

auto));
constant C3 : branchnuxn_domain is Bethesda;
constant C4 : branch_num_domain is branchnumdomain

(branch_num_domain
SilverSpring));

END d-et8;
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WITH d_et8;
USE d_et8;
SCHEMA MODULE s-et8 IS

TABLE Cust IS
Coill loan...type...domain,
Col2 :loan.....typedomain,
Col3 :branch-nurnk-domain,
Col4 :branch~num-domain,
ColS :loan-..type...domain,
Col6 :branch_numi~domain

END cust;

END s-et8;
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WITH det8;
USE det8;
ABSTRACT MODULE a_et8 IS

AUTHORIZATION set8

PROCEDURE Upd_Cust IS
UPDATE set8.cust
SET

Coil = Cl,
Co12 = C3, -- ERR
Col3 = C3,
Co14 = C4,
ColS = Gaithersburg, -- ERR
Co16 = Gaithersburg;

CURSOR Curs
FOR SELECT * FROM s_et8.cust ;

IS
PROCEDURE Upd (val : branch_num_domain) IS

update set8.cust
SET

Coil = val, -- ERR
Co12 = C3, -- ERR
Col3 = val,
Co14 = C4,

SCo15 = Gaithersburg, -- ERR
Co16 = Gaithersburg;

END;

END a et8;

A.3.9 tl/et9.sme

-- Check misc

DEFINITION MODULE det9 IS

-- enumeration declarations

SENUMERATION Branches IS
Bethesda,
SilverSpring,.
Gaithersburg,
Potomac);

ENUMERATION Loan.types IS
mortgage,
auto,
personal);

L -- domain enumeration declarations

"DOMAIN Loan-type-domain IS
NEW SQLENUMERATION_AS_int
(ENUMERATION => Loan-types, MAP => POS);

DOMAIN branch_numdomain IS
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NEW SQLENUMERATIONASChar
(ENUMERATION => Branches, MAP => IMAGE);

record Rec is
cl : branchnum_domain;

end Rec_Name; -- ERR: name must match

status Stat uses branqhnumdomain -- ERR
is ( 1 => mortgage,

2 => auto );

status Stat2 uses branches
is ( 1 => mortgage,

2.0 => auto ); -- ERR

status Stat3 uses boolean
is ( 1 => true,

2 => false );

END defet9; -- ERR: name must match

A.3.10 tl/etlO.sme

definition module d_etl0 is
-- Member Information
domain MemName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQL_SMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum, map => pos);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;
domain Sum_Domain is new SQLSMALLINT Not Null;
domain Count_Domain is new SQLINT;

end d etlO;

with d_etlO; use detlO;
schema module srecdb is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County
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end Members;

end s-recdb;

"with detl0; use d.etlO;
Sabstract module a_etlO is

t authorization srecdb

record MemberRec is
R_MemberName : MemName;
R_Sum : Sum_Domain;
R_Count : CountDomain;

end;

procedure P_Del (ReqjMemberSSN : SSN) is
delete from MemberRec; -- ERR

procedure P-Upd (ReqMemberSSN : SSN) is
update MemberRec -- ERR

set MemberName = ReqMemberRec;

procedure P_Ins is
insert into MemberRec -- ERR

VALUES;

end a-etl0;

A.3.11 tl/etllsme

-- Check conformance on insert subquery statements

DEFINITION MODULE d_etll IS

-- enumeration declarations

ENUMERATION Branches IS
Bethesda,
Silver-Spring,
Gaithersburg,
Potomac);

ENUMERATION Loan-types IS
mortgage,
auto,
personal);

'domain character declarations

DOMAIN Customernamedomain IS
NEW SQLICHAR(length => 15);

DOMAIN Addr_domain IS
NEW SQLCHAR(length => 15);

DOMAIN Citydomain IS
NEW SQLCHAR(length => 15);

DOMAIN State_domain IS
NEW SQLCHAR(length => 2);
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-- domain integer declarations

DOMAIN SSN_domain IS
NEW SQLINT NOT NULL ( FIRST => 0, LAST => 999999999);

DOMAIN acctnum_domain IS
NEW SQLSMALLINT NOT NULL ( FIRST => 0, LAST => 9999);

-- domain real declarations

DOMAIN Balance__domain IS
NEW SQLREAL;

DOMAIN Interestrate_domain IS
NEW SQLREAL( FIRST => 0.0, LAST => 1.0);

DOMAIN Loanpaymentdomain IS
NEW SQLREAL;

DOMAIN Branch_assets_domain IS
NEW SQLREAL;
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-- domain enumeration declarations

4 DOMAIN Loan...type_d~omain IS
NEW SQL_ENUMERA7,ION_AS_int
(ENUMERATION => Loan_types, MAP => POS);

DOMAIN branch~num._domain ISr. NEW SQLENUMERAT IONASINT
(ENUMERATION => Branches, MAP => POS);

-- record definitions

RECORD Customer_record IS
Cust_Name Customer_name_domain;
SSN :SSN-domain;
Street :Addr..domain;
City :City-..domain;
State :State_domain;

END customer-record;

RECORD Savings...entry IS
branch_num :branch~num.A~omain;
acct_num :acct...num__.domain;
Balance :Balance-domain;fcust-ssn :SSN-domain;

END Savings~entry;

RECORD Cheque ing...entry IS
branch~num %branchý_num~doma in;
acct_nwn acct~num~domain;
Balance :Balance_domain;
cust-ssn :SSN_domain;

END Cheque ing...entry;

RECORD loan_entry IS
branch-num :branch~numfidomain;
acct_num :acct~num...domain;
Balance :Balance-domain;
Loan_type :Loan~type_domain;
cust-ssn :SSN_domain;

END loan~entry;

RECORD Branch_entry IS
branch-num :branch_num__domain

Aset Branch_assets_domain;

EN detll;
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WITH detll;
USE detll;
SCHEMA MODULE setll IS

-- Basic customer information

TABLE Cust IS
Cust_Name Customernamedomain,
SSN not null : SSN_domain,
Streetaddr : Addr-domain,
Cityaddr : City-domain,
State_addr : Statedomain

END cust;

-- Checking account

TABLE cheque IS
branchnum branchnumdomain,
acct-num not null : acct_num_domain,
Balance : Balancedomain,
custssn not null : SSN_domain

END cheque;

-- Savings account

TABLE Save IS
branch_num branch_num_domain,
acctnum not null : acctnumdomain,
Balance : Balance_domain,
custssn not null : SSN_domain

END Save;

-- loan account

TABLE loan IS
branchnum : branchnumdomain,
acct_num not null :acct_numdomain,
Balance : Balancedomain,
Loantype : loan.typedomain,
custssn not null : SSNdomain

END loan;

-- Branch information

TABLE Branch IS
num branchnumdomain
Assets Branch_assets_domain

END Branch;

END setll;
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WITH d.etll;
USE d-etll;
ABSTRACT MODULE a-etll IS

AUTHORIZATION setll

-- insert statement (query)

PROCEDURE move_loan_to_save
(accountnumin : acct_num_domain)

Is
INSERT INTO

s_etll.save
SELECT *
FROM

s_etll.loan -- ERR
WHERE

s_etll.loan.acct_num >= account_numnin;

PROCEDURE move_loanto_save2
(account_num_in : acct_numdomain)

IS
INSERT INTO

s etll.save
SELECT branch_num, acct~num, Balance, custssn
FROM

setll.loan
WHERE

setll.loan.acct_num >= accountnumin;

PROCEDURE moveloanto_save3
(account_num_in : acct_num_domain)

IS
INSERT INTO

s_etll.save
SELECT branchnum, acctnum, cust_ssn, custssn -- ERR
SFROM s-etll.loan

WHERE
s_etll.loan.acctnum >= accountnum_.in;

L END a-etll;

A.3.12 tlietl2sme

definition module detl2 is
-- Member Information
domain MemName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

[" enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATIONAS_INT (

Enumeration => SexEnum, MAP => POS);

L domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);
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domain County is new SQL..CHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;

constant C_Name : MemName is '1234567890123456789012345678901;
constant CSSN : SSN is '123456789';
constant C_Club_Number : Club_Number is 10;
constant C_Age : Age is 39;
constant CSex : Sex is F;
constant C_Phone : Phone is '12345678';
constant CStreet : Street is '123456789012345678901234567890';
constant C_City : City is '123456789012345';
constant C_County : County is 'MO';

end d_etl2;

with d_etl2; use detl2;
schema module RecDB is

table Members is
MemberName not null : MemName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

end Members;

end RecDB;

with detl2; use d.etl2;
abstract module a_etl2 is

authorization RecDB

record MemberRec named NamedMemberRec is
-- record MemberRec is

R_MemberName : MemName;
R_MemberSSN : SSN;
R_ClubNumber : Club_Number;
R_MemberAge : Age;
RMemberSex : Sex;
R_MemberPhone : Phone;
R_MemberStreet : Street;
RMemberCity : City not null;
RMemberCnty : County

end;

cursor MemberSelect2 (ReqLMemberSSN named ReqcMemberSSN SSN) for
(select

MemberName named NS_MemberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
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MemberPhone Not Null,
MemberStreet named NSMemberStreet Not Null,
MemberCity,
MemberCnty

4 from RecDB.Members
where RecDE.Members.MemberSSN = Req~j4emberSSN

UNION

seetMemberName .named NSMemberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NSjMemberStreet Not Null,
MemberCi ty,
MemberCnty

from RecDB.Members
where RecDB.Members.MemberSSN =Reqj.MemberSSN)

UNION
(select

MemberSSN,
ClubNumber,.
MemberAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NS_M4emberStreet Not Null,
MemberCity,
MembeFCnty

from RecDB.Members
where RecDB.Members.MemberSSN = Req-MemberSSN

UNION
select

MemberName named NS_MemberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
MemberPhone Not Null,

r MemberStreet named NSMemberStreet Not Null,
MemberCity,
MemberCnty

from RecDE.Members
where RecDB .Members .MemberSSN = Rea-Memb~erSSN);

cursor MemberSelect3 (ReqMemberSSN named Req...MemberSSN SSN) fov.
(select

MemberName named NS_MemberName,

MemberSSN,
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ClubNumber,
MemberAge,
MemberSex,
MemberPhone
MemberStreet named NS_MemberStreet Not Null,
MemberCity,
MemberCnty

from RecDB.Members
where RecDB.Menibers.MemberSSN = Req-MemberSSN

UNION
select

MemberName named NSMemberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NS_Memb~erStreet Not Null,
MemberCity,
Memb~erCnty

from RecDB.Members
where RecDB.Members.MemberSSN = Req-MemberSSN)

UNION
(select

MemberName named NS~j4emberName,
MemberSSN,
ClubNumber,
MemberAge,
MemberSex,
MemberPhone Not Null,
MemberStreet named NS~jMemberStreet Not Null,
MemberCity,
Memb~erCnty

from RecDB.Members
where RecDB.Members.MemberSSN = Req-MemberSSN

UNION
select

MemberName named NSMemberName,
MemberSSN,
ClubNumber,
Membe rAge,
MemberSex,-
MemberPhone Not Null,
MemberStreet named NS_Memb~erStreet Not Null,
MemberCity,
Memb~erCnty

from RecDB.Members
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where RecDB.Members.MemberSSN = Req_.MemberSSN);

end aetl2;

A.3.13 t3/elsme

"definition module tl is
-- Member Information
domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT (FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum, MAP => Pos);

domain Phone is new SQLCHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
domain City is new SQL_CHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain ClubNumber is new SQLSMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLogged.In, SQLOk, SQLFail);

status fetch-map named isfound uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise samplemod.record-not_found);

end t-1;

with SampleMod; use SampleMod;
schema module RecDB is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null County

"end Members;

end RecDB;

with SampleMod; use SainpleMod;
abstract module RecDML is
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authorization RecDB

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;

cursor MemberSelect (Req_MemberSSN SSN) for
select tl.MemberSSN, t2.Dummy
from RecDB.Members as tl, RecDB.Members as t2

where tl.MemberSSN = t2.MemberSSN;

end RecDML;

A.3.14 t3/e2sme

definition module t-2 is
-- Member Information
domain MemberName is new SQL_CHAR Not Null (Length => 30);
domain SSN is new SQLCHAR Not Null (Length => 9);
domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQL_CHAR (Length => 8);
domain Street is new SQLCHAR (Length => 30);
domain City is new SQLSCHAR (Length => 15);

domain County is new SQL_CHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLogged_In, SQLOk, SQL_Fail);

status fetch_.map named is_found uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise samplemod.record_notfound);

end t_2;

with t_2; use t_2;
schema module RecDB is

table Members is
MemberName not null MemberName,
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MemberSSN not null : SSN,
ClubNumber not null : Club_Number,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity - City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber

end Members2;

end RecDB;

with t-2; use t-2;
abstract module RecDML is

authorization RecDB

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty :.County;

end;

cursor MemberSelect (ReqMemberSSN SSN) for
select tl.MemberSSN, Recdb.Members.Membername
from RecDB.Members as tl, Recdb.members as t2

where tl.MemberSSN = (select MemberSSN
from t2
where Recdb.members.membername = 'John');

end RecDML;

A-3.15 t3/e3sme

definition module t_3 is
-- Member Information

domain MemberName is new SQLCHAR Not Null (Length => 30);
domain SSN is new SQL_CHAR Not Null (Length => 9);

domain Age is new SQLSMALLINT ( FIRST => 1, LAST => 199);

enumeration SexEnum is (F, M);
domain Sex is new SQLENUMERATION_AS_INT

Enumeration => SexEnum, Map => POS);

domain Phone is new SQLSHAR (Length => 8);
domain Street is new SQL_CHAR (Length => 30);
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domain City is new SQLCHAR (Length => 15);

domain County is new SQLCHAR Not Null (Length => 2);

domain Club_Number is new SQLSMALLINT Not Null;

exception Record_NotFound;

enumeration FailType is (NotLogged-In, SQLOk, SQLFail);

status fetchjmap named isfound uses Failtype is
-999 .. -300 => SQLFail,

-299, -298 => NotLoggedIn,
0 => SQLOk,

100 => raise samplemod.recordnotfound);

end t_3;

with t_3; use t_3;
Jchema module RecDB is

table Members is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : ClubNumber,
MemberAge : Age,
MemberSex : Sex,
MemberPhone : Phone,
MemberStreet : Street,
MemberCity : City,
MemberCnty not null : County

end Members;

table Members2 is
MemberName not null : MemberName,
MemberSSN not null : SSN,
ClubNumber not null : Club_Number

end Members2;

end RecDB;

with t_3; use t_3;
abstract module RecDML is

authorization RecDB

record MemberRec is
MemberName : MemberName;
MemberSSN : SSN;
ClubNumber : Club_Number;
MemberAge : Age;
MemberSex : Sex;
MemberPhone : Phone;
MemberStreet : Street;
MemberCity : City;
MemberCnty : County;

end;
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cursor MemberSelect (Req.MemberSSN : SSN) for
select MemberSSN, Recdb.Members.Membername
from RecDB.Members2 as tl, Recdb.members as t2

where tl.MemberSSN z (select MemberSSN
from t2
where Recdb.members.mernbername = 'John');

end RecDML;

4

L
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